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1 PATTERN FORMATI ON METHOD AND METHOD AND APPARATUS FOR PRODUCTI ON OF-A .
" SEM CONDUGTQR DEVI CE USI NG SAI D NET PﬁAgK@B@gND OF THE | NVENTI ON 1. _
Field of tte Invention The present i'nvention rélates to-a pattern formation
nethoq_and a nmet hod and apparatus for production of a sem conductor device
~uSsi ng &ﬁat met hod, nore particularly relates to a nethod of exposure which
enabl es a good pattern to be formed wi t hdut the probl emof a secondary peak:

even if using a phase shifting nask 2 Description of the Related Art At
present, in th '

circuits, effo

sub-half mcron order. In deve o such deV|ces hotolltho IP S
_ PRODUCTION QOF A IC NDUCTOR DEVICE USING SAID ETHO

BACKGROUND dF THE INVENTION
1. Field of the Invention
The present invention relates to a pattern
formation method and a method and apparatus for production
6f a semiconductor device using that method, more
particularly relates to a method_bf.exposure which enables
a good pattern to be formed without the.problem of a
secondary peak even if using a phase shifting mask.
2. Descriptiqn.of the Related Art
At present, in the research and development of
semiconductor integrated circuits, effort is being made to
develop devices of a design rule of the sub-half micron
order. In developing such devices, photolitho—graphy.is
indispensable. It is not too much to say that the
resélution performancelof the exposure devices used in
photolithography, the so-called "reduction, projection,
and exposure devices", determines the success or failuré
of research and development ihtb semiconductor devices and
;he feasibility of mass production.
Convéntionally, the resolution performancé of

reduced projection and exposure devices has been improved
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i'ndi spensable. It is not too nuch to say that the resolution performance of

t he exposure devices used in photolithography, the so-called "reduction,
proj ection, and exposure devices", determ nes the success or failure of

.

researahagpg‘developnent i nto sem conductor devices and the feasibility of
mass production. Conventionally, the resolution perfornmance of reduced
proj ection and exposure devi ces has been iﬁproved 2 by enlarging the
numerical aperture of the reduction projection |ens or shortening the

exposure wavel BYigehl@Bgéagokhe Haumerieaw mpaehurs @¢f thet spfuatien= k1 x
[err]/ NA '

projection lens or shortening the exposure wavelength'
based on the following Rayleigh criterion:
R = k1 x A/NA
- where, R: resolution
A: Exposure wavelength

" NA: Numerical aperture

" k1: Process coefficiept
“However, in the fabrication of a semiconductor device,
there are step differences caﬁsed.by the topography, wafer
flatness; etc. of thélsemiconductor devicé, and therefore
securing of the depth of focus is also an important_
parameter at the same time as the resolution performance.
The dimensional precision of the resist pattern in the
photolithography step at the time of fabrication of a
semiconductor device is generally +5 percent. In an actual
device, as showg in Fig; 1, there is always unevenness in
the surface of the semiconductor substrate S. For example,
there is a convex portiop In of polycrystalline silicon
etc. As a result, the pattern of the resist PR is not
formed on the same focal plane. For this reason, the
dimensions of the éattern of the resist PR diﬁfer between
the upper portion and the lower portion of a step
difference. Of course, this beéomes more conspicuous the

finer the patterﬁ in a case where a stépper of the same
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where, R resolution [err]: Exposure wavel ength NA: Numerical aperture kl:
Process coefficient However, in the fabrication of a sem conductor device,
there are step differences caused by the topography, wafer flatness, etc.
of the semdcdnductor device, and therefore securing of the depth of focus
is also an inportant paranmeter at the same_,tinme as the resolution
performance. The di nensional precision of fhe resi st pattern in the
photol it hography step at the time of fabrication of g sem conductor device .
is general [y SWR¥REEREth| and sape RHMYE\Gale aRar tOTSnd S HSeRy. TH1iSt here i s
al ways unevenness in the surface of the sem conductor substrate S. For

exanpl e, ther etensdaneyniexseen timncommant foal pdlytynesi o meiston etc. As a
result, the pattern of the resist PRis not '

The depth of focus becomes smaller in primary
proporti;n to the exposure wavelength and in inverse
proportion to the square of the numerical aperture. At the_
mass production stage, a depth of focus of about.l.S Mm is
necessary. For this reason, there are restrictions in
order to satisfy both of the resolution performance and
the depth of focus considered necessary.

Figures 2A and 2B show the dependency on the
numeriéal aperture when the resolution performance of the
depth of focus (D.O.F) in KrF excimer laser lithography,
which is the most advanced exposure, is used as a
parameter. As will be understood from the figures, the

- highest resolution which is obtained while satisfying the
néeded depth of fpcus of 1.5 pum is about 0.35 um.
Accordingly, it is extremely difficult'to resolve a line
width of 0.35 um or less with a depth of focus of 1.5 pm or.
more. Some sort of technique for enlarging the depth of
focus is'necessary. |

In response to such a request, in recent years,
the halftone type phase shift method has been broposed.
This equsure_metﬁod is an ex?remely powerfﬁi method for
improving the resolgtion'and depth of focus of an isolated

pattern such as a contact hole. In the halftone type phase



7\

fornmed on the same focal plane. For this reason, the dimensions of the
pattern of the resist PR differ between the upper portion and the | ower
portion of a step difference. O. course, this becones nore conspi cuous the
finer the“pdttern in a case where a stepper of the sane 3 wavel ength and
same nunerical aperture is used. This tendgncy I's seen in common for all
types of resist. The depth of focus becones smaller in primary proportion
to the exposure wavel ength and in inyerse proportion to the squafe of .the
nunerical aperiitird mathadk %@ssf’hﬁf'"é‘d&&t?bﬁ-s:fag%,seé“‘c?éﬁﬁ%ﬂ?fr%&’§'oﬁlabout

1.5 [err] is necessary. For this reason, there are restrictions in

N,, SiO, N,, Mo,Si, film, or the like having a transmittance

with respect to the exposure light of about several
percentage to about 20 percent, that is, allowing passage
of a fine amount of exposure light therethrough, is used
as the halftone f£ilm 2 corresponding to the dark poftions
1. In the bright portions 3, both of the £ilm 2 and
transparent suﬁstrate (with a concave portion 5 formed
therein) or only the film 2 is etched and made to act as a
‘mask. Ai: this time, by setting the phase difference
between the bright portions"3 and the dark portions 1
formed by the semitransparent film to 180°, as shown in
Fig. 4B, the gradient of the distribution of the in_tensity
of the light in an isolated pattern (for example, a hole
pattern of 0.6 UNA) can be made sharp. Note that, Fig. 4aA
.shows the distribution of the intensity of the light in an
isolatea pattern using a conventional chromium mask.

In the design of this phase shifting mask, the
transmittance of the halftone film 2 is an important
factor. Namely, so as to make the gradient of the
distribution of the intensity of the light in an isolated
pattern sharper, it is sufficient to raise the
transmittance of the halftone film 2. However, by raising
the transmittance, the light shielding effect by the

halftone film 2 is weakened, and the resist ends up
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order to satisfy both of the resolution performance and the depth of focus
consi dered necessary. Figures 2A and 2B show t he dependency on the
nunerical aperture when the resolution performance of the depth of focus
(D.OF)¥in KrF exciner |aser |ithography, which is the nost advanced
exposure,. is used as a paraneter. As will be understood fromthe figures,
t he hi ghest resol ution which is obtained while satisfying the needed depth
of focus.of 1.5 [eréé.[s about 0.35 [err]. Accordingly, it is extrenely
difficult to rexpesedOvendid @ntisgfe usfacerr] or less with a depth of
focus of 1.5 [err] or nore. Sone sort of technique for enlarging the depth
of focus is necessary. | Alsespossally, salchtle tdgqeest, fonmattentofemrs, the
hal ftone type phase shift nmethod has been proposed. This exposure nethod is
an extremely poseréph, @ hesbw®rin Fig. 5A, a secondary peak called a

side lobe is generated due to the adjacency effect on both

sides of the desired pattern position in the distribution

of the intensity of the light irrespective of the light

shielding position. The secondary peak becomes stronger by

raising the halftone transmittance. As shown in Fig. 5B,

even in a so-called completely isolated contact hole

wherein, for example, when the design dimension of the

hole pattern 6 is defined as W, the distance between the

adjoining patterns is 3W or more, the peripheral portion

becomes "gouged" in shape (numeral 8 part). With a shape

as shown in Fig. 5B, there is concern that the diameter of

the contact hole will be enlarged in the etching step.

Further, when it is intended to apply the

halftone phase shifting mask method to a so-called

periodic pattern portion having a high pattern density,

the secondary peak becomes stronger due to interference

between adjoining paEterns, that is, the mutual adjacency

effect, at the periodic pattern portion having the high

pattern density.

Accordingly, when it is intended to form a

device pattern by using the halftone phase shifting mask

method, the design and a CAD process must be carried out
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i nproving the resolution and depth-of focus of an isolated pattern such as
a contact hole. In the hal ftone-type phase 4 shift nmethod, as shown in
Fig. 3, a semtransparent O ,-T€&d[ [err] film or the like having a
transmitance with respegp/fb'theaexposure | i ght of about several
percentage to about 20 percent, that is, all om ng passage of a fine anount
of exposure |ight therethrough, is used as the halftone film2

corresponding to, the dark.portions.1. In.the bright rtiQns 3, both of the
film2 and traW%Bbr§H?§§ﬁb§PFa?%nfh%?ﬁaglgﬁd%ﬁv%ggﬁ?Eﬁln %igpﬁﬁﬁ t her ei n)
or only the film2 is etched and nade fo act as a k. At this tjnme, by
setting the ph??EWE?PfE?EH€€nS' This p aces a tremendous load on the

design and CAD prodeSS'ahd prevents practical application.

So as to solve the above-mentioned problems,
intensive study is currently underway in various areas on
how to enlarge the depth of focus without making the
adjacency effect more conspicuous and without placing a
heavy load on the design of the mask. However, no
effective exposure method for enlarging the depth of focus
without sufferihg from the above-described problems has
vet been found. Accordingly, it is essential to quickly
establish an exposure .technique for enlarging the depth of
focus without making the adjacenﬁy effect conspicuous ahd
withouﬁ_placing a heavy load on the design of the mask.

At the present time, when a practical depth of
focus cannot be obtained in the fabrication of a device,
pattern formatipn has been carried out by using the
multilayer resist method, electron beam exposure method,
etc. However, a sufficiently éatisfactory'effect has not

" been obtained.

Accordingly, it is essential to quickly
establish an exposure technique for enlarging the depth of
focus without making the adjacency effect conspicuous,
without placing a heavy load on the design of the mésk,

and without ekerting an advance influence on the
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bet ween the bright portions 3 and the dark portions 1 fornmed by the
semtransparent filmto [err] as shown in Fig. 4B, the gradient of the
distribution of the intensity of the light in an isolated pattern (for
exanpl e, .a hole patter.n of 0.6 [err]/NA) can be made sharp. Note that, Fig.
4A shows-the distribution of the intensity,of the light in an isolated
pattern using a conventional chrom um mask. In the design of this phase

shifting mask,_,the transm tjance of the halftone film2 is,an i rtant
Factor namel PBFA Brid SHhRe” imagian <hrEPREehSEEPhubY oh TEHIE

I ntensity of t%qhehli ht in_an isolated pattern sharper, it is sufficient to
rai se the tramet shathReRSEPREReaPPVAr 2. However, by raising the

transmttance, the light shielding effect by the halftone film2 is
weakened, and the rEBMARERYS THE INVENTION

The present'invention was made in consideration of
the above-described situation and has as an object thereof
- to provide a paﬁtern formation method and a method and
| apparatus for production of a semiconductor device using
the same which, when fabricating a semiconductor device or
the like, decides on the method of enlarging the . depth of
focus so that a stable resist pattern can be formed well
even if the mask pattern thereof is fine and thereby
enablés a good resist patterning.
The present invention provides a method for enlarging
the depth of focus at the time of fabrication of a
'semiconductor device without exerting an adverse influence
upon the aberration énd imaging characteristic by using an
ordinary mask having any pattern density, in particular, a
halftone phase shifting maék, even if the mask pattern of
the semigoﬁductor device is fine. The above-described
object is achieved by this. This will be underséood by
analyzing the optical system of the exposure device.
Namely, the present invention was obtained by the
following discovery by the present inventor.
The depth of focus was enlarged without-éxerting an

adverse influence upon the aberration and other imaging



5 exposed over its entire surface. Also, usually, at the tinme of formation
of a pattern, as shown in Fig. 5A, a secondary peak called a side |lobe is
generated due to the adjacency effect on both-sides of the desired pattern
position inithe distribution of the intensity of the light irrespective of
the Iight.- shielding position. The secondarénpeak becones stronger by
raising the halftone .transmttance. As sho in Fig. 5B, even in a

so-called conpletely isolated contact hole erein, for ex Ie,then t he
desi gn di rrensi%"l‘fa@g’fﬁ’élﬁ%}%sp%Y RS § g‘a&\ggPﬁ’@dPB@SW SPhgggPSt‘&?\%]é

bet ween the adjoining patterns is 3Wor nore, the geriphera[ portion
becones "gougdiEving sirip@Fuhen ders ifar by, uping thehfpblowing means:

(1) So as to enable the use of the halftone phase
shifting mask.méthod for a design pattern having any
pattern density without plaéing a tremendous load on the
design and CAD process, it is sufficient if use may be
made of the so-called periodic pattern portibn having é
‘high pattern dénsity; Such a periodic pattern portibn
having a high pattern density is formed by interference of
‘adjoining patterns, so it is sufficient if the secondary
peak in the distribution of the intensity of the light due
to the mutual adjacency effect can be reduced.

(2) The distribution of the intensity of the light
depends upon the distribution of the intensity of the
light in the effective light source of the exposure
device. Namely, the optical projection system of the
eprsure device{ that is, the "stepper®, as shown in Fig.
6, has a whole system diaphragm 10 arranged at first group
and second group of focal planes. It is a dual telecentric
imaging system and is an afocal system as a whole. Namely,'
the mask surface 12 énd pupil surface (substantially equal
to the diaphragm 1of and the pupil éurface and wafer
surface 14 are in a Fourief transformatioﬁ relationship.
Also, the light from the illumination optical system for

illuminating the mask is shown developed completely as




as shown in Fig. 5B, there is concern that the dianeter of the contact hole
wll be enlarged in the etching step. Further, when it is intended to apply
t he hal ftone phase shifting mask nmethod to a so-called periodic pattern
portion having a high pattern density, the secondary peak becones stronger
due to interference between adjoining pattgrns, that is, the nutual
adj acency effect, at the periodic pattern portion having the high pattern
density. Accordin I&ﬁV\hen | t

6

BT e, b HBECAHSed QUSSR £2 LRSI o110
be carried C)Utplane waves correspond to individual light emission points

of the secondary light source (also called the effective

light source) 16, that is, thé fly‘'s~eye lens.

(3) Based to the characteristic shown by (2I) , 1f the
respective coordinate systems of the mask surface, pupil
surface, and thé wafer surface are defined as (x, y), (€,

N), and (o, B) and the focal distances of the first gfoup
and second gz;dup are defined as f1 and. £2 and; also, the
transmission function of the mask is defined as o (x, y),

the amplitude distribution £ (§, 7, 91‘, 0;) on the pupil

surface can be represented by the following equation:

f(E'nlaltez)
= f f O(x, y) exp{ik(sin®,x+sinb,y)}
explik (Ex+ny) / £1ldxdy

=[[o(x, y) expliki(sin®, +£/£1) x+ (5in@,+n/ £1) ykixdy (1)

where, 0, and 6, ére made the incident angles of the
plane wave incident upon the mask in the x and y
directions.

When defining the amplitude distrib'ut:ion on the wafer
surface as g (o, B, 9,, 0,) and defining the pﬁpil function

as p (&, n), the following equation stands:



wi th sufficient consideration given to the distance between patterns. This
pl aces a trenendous | oad on the design and CAD process and prevents
practical application. So as to solve the above-nentioned probl ens,
intensive study is currently underway in various areas on how to enl arge
the depth of focus w thout meking the adjacemcy effect nore conspi cuous and
w t hout placing a heavy | oad on the design of the mask. However, nRo

ef fective exposur t hod, f.or enlarging the depth of focus w thout
suffering fron1tﬁz“gﬁo etgdscribed probl ens has yet been found.

Accordingly, it is essential to quickly establish an exposure technique for

larging the depth i { houp TBKi dj ffect
Conept cuous. and. wiTHBEAS 1 <) SHEAR Heddm BE e dosi gn of the mask. A

the present time, when a practical depth of focus cannot be obtained in the
fabrication of a deyjc '
O o
explfki(sin®,+E/£1) x+(sin®,+n/£2) yj
expl-jk («§ +Bn) ldxdydEdn - (2)
The distributipn of intensity I (a, B, 6,, 6,) of the plane
wave incident on the wafer surface by 9, and 6, can be

represented by the foliowing equation:

I(a: B:e]_:ez)

Therefore, the overall distribution of intensity I
(o, B) becomes the superposition of the plane waves, and
therefore if the weighing function is defined as W (6,

~0,), the following équation stands:

I(a,B)

| =ffw(61,62)I(a,ﬂ,el,ﬂz)oﬁldﬂz C(4)

Were, when assuming "the mask is a lattice pattern of
equal intervals parallel to the y-axis", the transmission
function o (x, v) of the mask can be represented by the

following equation defining the mask frequency as ®:



pattern formati on has been carried out by using the nmultilayer resist

met hod, el ectron beam exposure method, etc. However, a sufficiently
satisfactory effect has not been obtained. Accordingly, it is essential to
qui ckly establish an exposure techni.que for enlarging the depth of focus
wi t hout -maeki ng .t he adj acency effect conspjgcuous, w thout placing a heavy

| oad on the design of the mask, and with exerting an advance influence
on the 7 aberration and other imaging characteristics by a nmethod ot her

than that nmenti oned above. SUMMARY OF THE | NVENTI ON
olx,y)=0(x) =Y a,exp(jnex)

n=-o

—00{ 1< +co (5)

Accordingly, the amplitude distribution £ (&, 7, 6,,
0,) on the pupil surface can be represented by the

following equation:

£(E,n.6,,0,)

= f f Y aexp(jnex),
explikl(sin®,+E/£1) x+(sinB,+n/£1) yldxdy
=Y a8 (sin61+nm/k+5/f1') 8 (sinB,+n/£1) _ (6)

When the wave plane aberration on the pupil surface
is W (£, n), the amplitude distribution g (a, B, 8,, 0,;) on
the wafer surface can be represented by the fdllowing

equation:

gla,$,0,,6,)
=y anffb (5in®, +ne/k+E+£1) & (sin®,+n/f1)

D,(0,,0,) expiw(E,n) Jexpl-jk (Ex+nf) JdEdy

=Y a,p,(0,,0,) expiM-£1(sind,+n ©/k) , -f1sinB,}



The present invention was made in consideration of the above-descri bed
situation and has as an object thereof to provide a pattern formation

nmet hod and a net hod and apparatus for production of a sem conductor device
usi ng tthe same which, when fabricating a sem conductor device or the like,
deci des on the nmethod of enlarging the depgh of focus so that a stable
resist pattern can be formed well even if the rask pattern thereof is fine
and thereby enabl es a good resist patternjng. The present invention

provi des a met hoekPFk (8Any HRok} f ﬁéﬁigfof focus-at the tinme of
fabrication of a sem conductor device w thout exerting an adverse influence

upon the aben%ﬂiéﬁb nghyggsggiﬁggyacteristic by uqbqg an ordi nary mask
havi ng any pattern density, 1h particular, a hal ftone phase shifting mask,

even if the mask pattern of the sem conductor device is fine. The
above-descri bed Here, as apparent from the aforesaid equation (7),

the spectrum distribution of the object on the pupil
surface is the sum of d-functions. Accordingly, a decision
whether or ﬁot the n-th deffracted light enters into the
pupil is clear. Therefore, use'is ﬁade of a vignetting
factor Pn for deciding whether the deffracted light should

or should not enter into the pupil in equation (8).
| D,(0,,6,) =1 spectrum exit in pupil plane

0 otherwise - (8)

From the above, the distribution of intensity I (a,
B, 9,, 0,) of the individual plane waves on the wafer

surface can be represented by the following equation:

I(a' Blallez)
=) Y a,a,0,(8,,8,)p,(0,,6,)

exp(jt-£1(sin®, +ne/k) , -£18in0,}
-jW-F1(sinB, +mo/k, ~£151n8,]

exbU(n—m)(fl/fZ)ma] (9)

In the case of ideal imaging ignoring aberration

etc., the following equation stands:



object is achieved by this. This wll be understood by anal yzing the
optical system of the exposure device. Nanely, the present invention was
obtained by the follow ng discovery by the present inventor. The depth of
focus was eril arged without exerting an adverse influence upon the
aberration and other imaging 8 charactgmgstics by using a hal ftone phase
shifting mask having any pattern density by using the foll ow ng neans: (1)
So as to enable the use of the halftone phase shifting mask nethod for a
desi gn pattern We¥iwh=@ny pattern densi t{}OW t hout pl acing a trerendous | oad
on the design and CAD process, it is sufficient if use may be

Therefore, the distribution of intensity I (o, B,
0,, 0,) of the individual plane waves can be represented by

the followihg equation:

=Y 2,20,(8,,8,) +2¥" ¥ a,8,0,(6,,0,)

Dn(0,.8,) cosl(£f1/£2) (n-m) wa} | (11)

That is,lthe above-described equation is weighted in
accordance with the ratio of intensities of the respeCtivg
points oﬁ the fly’'s-eye lens and superposed to find the
overall distribution of the intensity of the light I (o,
B) on the wafer surface. |

(4) The above-described equation.gll) is a basic
eguation whgn performing ideél imaging. Below, the above-
described equation (1l) is actually analyzed. So as to
obtain a strict solution, it is necessary to superpose
all orders of the deffracted light, but even if attentiop
is paid to only the 0-th order and xl-th order light in
actuality, the higher order-defffacﬁed light is rejected
by the pupil at the problematic fine line widths and
_therefore generality of the results of analysis is not
lost.

(5) When considering only the 0-th order and tl1-~th



made of the so-called periodic pattern portion having a high pattern
density. Such a periodic pattern portion having a high pattern density is
formed by interference of adjoining patterns, so it is sufficient if the
secondary p&ak in the distribution of the intensity of the light due to the
mut ual adj acency effect can be reduced. (2)4 The distribution of the
intensity of the |light depends upon the distribution of the intensity of .

the light int fective Light r : e ice. Namely, the
optical proj ec??%%;sg%%llél?ﬁ o#deghrkeo %%%ogéfgi:&é\g?%e?g?%gﬁgpg;ﬁxkhéf "t'sl\?eé_pper
as shown in Fig..6, has a_whol ersystem dj gphragm 10 arranged at first group -
and second gr ‘E}J%@?‘Bﬁa‘Pf&f}%ﬁ]&?é[f”ch%‘? t gbpé’(?eﬁ{‘r?ggi Qi By st em
and is an afocal systemas a whole. Nanely, the mask surface 12 and pupi
surface (substtirei 0wy felkowing (9ases gpisdganiefuahdonhéldlupi | surface and
waf er '
(D)

Py=P,=P_ =1

1(0,,90,)=la,+2a,cos{(f1/£2)wealf (12)

(IT) .

Py=P,=1,P_ =0 Or P,=P_=0,P,=0

I1(8,,8,)=a,2+a,?+2a,a,cos{(£1/£2)wa} (13)
(III)

P,=1,P,=P_ =0
1(0,,0,)=a, : (14)
(IV)

Py=P,=0,P_=1 or P,=P_,=0,P,=1

N

I(9,,6,)=a,? (15)
The case of (1) described above (equation (12)) is-a
case where all of the 0-th order and +l-th order lights
- are fetchéd and imaging is carried out by three-beam
interference. The case of (II) described above (equation
(13)) is a case where one of the 0-th order and tl1-th order

lights is fetched and the imaging is carried out by two-



surface 14 are in a Fourier transfornation rel ati onship. Also, the light

fromthe illum nation optical systemfor illumnating the mask i s shown
devel oped conpletely as 9 pl ane waves. Due to the afocal characteristic,
i ndi vi dual pl ane waves correspond to individual |ight em ssion points of

t he secondary |ight source (also called tﬂg effective |ight source) 16
that is, the fly's-eye lens. (3)° Based to the characteristic shown by (2),

if the respective coordinate systens of the mask surfage, pupil surface,
and the mafer£§ﬁthEEeEF§r8€F netPa<c3s5e %5,(¥ﬁ?3r§F?CFé§PF) g&ﬂ& FEP?] and

the focal distances of the first group and second grou% are defined as f1
and f2 and, apbeverfescribed equation (14)) is a case where only the 0-

th order light is fetched and occﬁrs undef the resolution
limit; that is, when the space frequency is high. The case
of (IV) described above (the above-described equation
(15)) is a case where one of the *l-th order lights is
fetched and occurs when the light source is éxtremely
large.

(6) By substituting each of the above-~described
equations (12) to (15) into the above-described equation
(4), the overall distribution of intensity I (a, B) is
found. However, the analysis of the abo&e-described
equations (12) to (15) suggests how it is possible to use
the halftone phase shifting mask method with respect to a
design pattern having any pattern density. Namely, when
différentiating éduation (12), there is a sblution with
which the cosine term and sine term become 0. This means
that whefé imaging is carried out by three-beam
interference, the secondary peak is always generated.
Also, even if the above-described equation (13) is
differentiated, only a solution with which the sine term
becomes 0 exists. This suggests that the secondary peak
will not be generated Qhen the imaging is carried out by
two—beaﬁ interference. Namely, it suggests that,

when a light source giving a strong intensity of the light



transm ssion function of the mask is defined as o (x, y), the anplitude
distribution f [err] on the pupil surface can be represented by the
followi ng equation: [err] where, [err] and [err] are made the incident
angl es of, the pl ane wave incident upon the mask in the x and y directions.
Wien defining the anplitude distribution opcthe wafer surface as g [err]
and defining the pupil function as p [err], the follow ng equatiqgn stands:

10 [err] Th? dLE%EQ”&&?@epr&Ef iéfy tlhe[ ‘%&E;]' sQ.]:ayrehfeHEafg used as in
the usual stepper, the three-beam interference becomes
dominant and a secondary peak is generated, while when a
light source giving a strong inﬁensity of the light at the
peripheral pbrtion of the fly’s-eye lens is used as in so-
called oblique incident illumination, it becomes two-beam
interference and a secondary peak is not generated.

(7) With the oblique incident illuminatic.m
technique, the illumination light is illuminated on the-
mask surface in an oblique direction, and as a result,
either of the 0-th order light or +1-th order light is

~made incident upon the pupil surface as shown in Fig. 8
and Fig. 9B, the other primary light is rejected by the
lens barrel, etc., and the pattern is formed by the two-
beam interference. As a result, the apparent numerical
aperture of the lens can be reduced and there is a great
effect of improvement of the depth of focus. On the other
hand, however, there are problems such as an increése of
the adjacency effect due to.the reduction of the effective
light sourcé, a lowering of the illuminénce, an increase
of the unevenness éf illuminance, a lowering of the y,
ekposure-margin, a strong influénce of thé telecentricity,
etc.

Note that, in Fig. 8, reference numeral 20 denotes a

lamp or a laser; reference numeral 21 denotes a



wave incident on the wafer 'surface by [err] and [err] can be represented by
the following equation: [err] Therefore, the overall distribution of
intensity | [err] becones the superposition of the plane waves, and
therefore i f the weighing function is defined as W[err] [err], the
following equation stands: [err] Wre, whgg assuming "the nmask is a lattice
pattern of equal intervals parallel to the y-axis", the transm ssion

function o (Xicdh ShelOe. WSk FALOSGRAATS BliBENg £8)) o100 AOHE! T O
defining the nas requehcy as Jerr]: ﬁenr .
reference numeral 23 denotes a condenser lens; and
- reference numeral 24 denotes a reticle (mask). Also, Fig.
9A shows the case of.three-beam interference; and Fig. 9B
shows the case of two-beam interference.

(8) When considering the situation of the above-
described (6) and (7), it is gnderstood that it is
desirable to have a distribution of the intensity of the
light onutﬁe fly’'s-eye lens that emphasizes the obligue
incident component to such an extent that a secondary

‘peak, which is a problem in the halftone phase shifting
mask, is not generated and has a vertical inéident
component such thaﬁ the problem possessed by the oblique .
'iﬁcident exposure method is not-genefated.

(9) Based on the above-described concept, the
inventor discovered that the format shown in Figs. 10A and

" 10B is suitable as the distribution of thé ambunt of light
on the fly‘s-eve surface considering, in patterns of all
directions, the depth of focus of the periodic pattern,
the depth of focus of the isolated pattern, the generation
of the secondary peak, the degree of the adjacency effect,
the illuminance, the unevenness of illuminance, the
distortion change, etc., gna thereby completed the present
invention. Figure 10A shows the distribution of the amount

of light of the light incident upon the fly's-eye lens by



Accordingly, the anplitude distribution f [err] [err] on the pupil surface
can be represented by the follow ng equation: [err] Wen the wave pl ane
aberration on the pupil surface is W[err], the anplitude distribution g
[err] on thé& wafer surface can be represented by the followi ng equation:
[err] 12 Terr] Here, as apparent fromthe aforesaid equation (7), the
spectrumdi stribution of the object on the pupil :

L™

numerals. The asterisk parts indicate the peak parts of
the amount of light and the numerals 0 to 9 show the
proportions of the amount of light where the peak part is
defined as 10. A distribution of the amount of light is
exhibited which is low in the center portion and high in
the peripheral portions. Also, Fig. 10B shows three-~
dimensionally the distribution of the amount of light
shown in Fig. 10A.

(10) The present invention can bé preferably used in
a case where the mask pattern bf the semiconductor device
is transferred to a resist by using photolithography and
in other cases.

- Concretely, the method of pattern formation according
to the present invention comprises irradiating light from
an effective light source to a mask, transferring the
pattern of the mask onto a substrate, and forming the
pattern on the substrate, wherein the amount of light
emitted from a center portion of the aforesaid effective
light source is lowered by a certain amount with respect
to the amount of light emitted from the peripheral
portions of the effective light source.

The amount of the light emitted from the center
portion of the éffeétive light_source is preferably
lowered by 2 to 90 percent with respect.to the peak value

of the amount of light emitted from the peripheral



surface.is the sumof [err]-functions. Accordingly, a decision whether or
not the n-th deffracted |light enters into the pupil is clear. Therefore,
use is made of a vignetting factor Pn for deciding whether the deffracted
| ight Shoul @ or should not enter into the pupil in equation (8). [err] =1
spectrumexit in pupil plane O othermﬁse 19 (8) Fromthe
above, the distribution of -intensity | [err] of the individual plane

waves on the gﬁﬁﬁfc?ﬂgf?P?h%agf?ScE?géeffﬁégg%9¥ré$e fol |l ow ng equati on:

[err] In the ng i gnori erration etc., the follow ng
i on nds: . .
equation stands: As the mask, use may be made of an ordinary chromium

mask or phase shifting mask etc. The present invention is
particularly effective in the case of use of a phase
shifting mask. The phase shifting mask is not particularly
limited and may for éxample be a rim tfpe or outrigger
type phase shifting mask.

The effective 1ight source is not particularly
limited, but for example suitable use may be made of a
fly's eye lens comprising an assembly of a plurality of
lenses. Alternatively, use may be made of a plurality of
optical fibers as the effective light source.

The region of the centér portion of the aforesaid
effective light source where the amount of light is
lowered is for example a region-of 10 to 40 percgnt of the
outer diameter of the effective light source.

The peak of the amount of light-at the peripheral
portions of the aforesaid effective light source appears
for example at a few points at rotary symmetrical
positions at the peripheral portions of the effective
light source. |

' The amount of light incident upon the center portion
of the aforesaid effective light sourcé can be lowered in
relation to the peak yalue of the amount of Iight incident

upon the peripheral portions of the effective light source



13 [err] Therefore, the distribution of intensity [err] [err] of the

I ndi vi dual pl ane waves can be represented by the foll ow ng equation:

[err]

That is, the above-described equation is weighted in accordance with the

ratio of .infensities of the respective points of the fly' s-eye I ens and
di stri-buti @p of the intensity of the Iight
(a, [err] on the wafer surface. (4) The above-described equation (11) is a

basi ¢ equat i orpp ey Rer we&hngpuée%rl BREI 8%y Behivof RerBRaveprdesc! | bed

superposéd to find the overal

equation (11)

I's actually anal yzed. So as to obtain a strict solutlon

it
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attention

center portion of the effective light source can also be
lowered with respect to the peak value of the amount of

1ight incident at the peripheral portions of the effective

light source by using a beam splitter alone, or pyramid or -

conical prism alone, or a plurality of pyramid or conical
prisms. -

It is aléo possible to lower the amount of light
incident:upon the center portion of the aforesaid
effective light source lens relative to the peak value of
the amount of light incident upon the peripheral portions
of the effective lith source by using a filter having a
high transmittance at the peribheral portions as against
the center portion. '

It is also possible to lower the amount of light
emitted from the center portion of Ehe aforesaid fly’s eye
lens relétive té the peak value of the amount of light
emitted from the peripheral portions of the fly’s eye lens
by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly’s-eye
lens and having diameters 6f the related opening portions
larger at the peripheral_portions relative to the center

portion.

It is also possible to lower the amount of light



Is paid to only the Oth order and 1-th order light in actuality, the

hi gher order deffracted |light is rejected by the pupil at the problematic
fine line widths and therefore generality of the results of analysis is not
| ost. (%) Wien considering only the Oth order and 1-th 14 order |ight,
due to the positional relationship of the ggjection of the deffracted |ight
shown in Fig. 7, only the four follow ng cases exist in equation (12):

Lerr] The, cases il ddhe 46565 60 RS, (RIMAOBH 1R akrBogide Where
effective light source'relative to the peak value of the
amount ofllight incident upon the peripheral portions of
the effective lighp source by using a prism and optical
parts arrenged so that they can be made to approach or
move‘away from this prism in the light path axis
direction.

It is also possible to lower the amount of light
emitted f£rom the ceeter portion of the aforesaid effective
light source relative to the peak value of the amount of
light emitted from the peripheral portions of the
effective light source by dividing the beam incident upon
the aforesaid effective light source to two or more beams,
irradiating the two or more divided beams onto the
aforesaid effective light source by using a movable
mirror, and utilizing the difference in scanning speed at
respective points of the surface of the effective light
source dependent upon the surface shape of the aforesaid
movable mirror.

The diameters of ﬁhe inidividual lens of the fly’s eye
lens may be uniform or may be larger at the centef portion
than the peripheral portions. For example, in a fly’s eye
lens,.the diametere of the individual lens at the center
portion may be made 1.1 to 3 times the diameters of the

individual lenses at the peripheral portions. By



are fetched and imaging is carried out by three-beaminterference. The case
of (Il) described above (equation (13)) is a case where one of the O-th

or der and 1-th order lights is fetched and the inmaging is carried out by

t wo- 15 Beaminterference. The case of (I111) .described above (the
above-descri bed equation (14)) is a case whgre only the 0- th order [|ight
is fetched and occurs under the resolution limt, that is, when the space

frequency 12 Nodlie:Be 085 2nal 16hY) sHo0E L gﬁghanyqs<pggﬁﬁﬂegetgescr'bed

equation (15)) 1s case “where one ord S I's fetched and
occurs when the LLant 384LSEnLEs®SE" SIPNiAEE 98a.

Further, in the present invention, when a single
exposure time is T, it is possible to pass the light
through a first filter with a Higher transmittance at the
peripheral portiohs than the center portion for a time of
0.05 x T to 0.95 x T and to pass it through a second filter
or not pass it through a filter in the remaining exposure
time. By this, it is possible to lower the amount of light
from the center portion of Ehe effective light source

"relative to the peak value of the amount of light emitted
from thé peripheral portions of the effective light source
in just a single exposure time.

The apparatus for pattern formation according to the
present invention is one irradiating light from an
effectiQé light source to a.ﬁask, transferring the pattern
of the mask onto a substrate, and forming the.pattern on‘
the substrate'and is provided with a light intensity
distribution correcting means for lowering the amount of
light emitted from a center portion of the aforesaid
effective light éource by a certain amount with respect to
the amount of light emitted from the peripheral portions
of the effective light source.

The light intensity distribuéion correcting means

preferably is a means for lowering the amount of the light



(6) By substituting each of the above-described equations (12) to (15) into
t he above-described equation (4), the overall distribution of intensity I
[err] is found. However, the analysis of the above-described equations (12)
to (15)° suggests how it is possible to use the hal ftone phase shifting mask
met hod wirth respect to a design pattern hqxing any pattern density. Nanely,
when differentiating equation (12), there’i's a solution with-which the
cosine term and_si

" Thi : : :
Carried out by Tht BELEET e HaaR SOHTOT BEoRRR: S L BBk TE H IRy e
generated. Also, even if_the above-described equation (13

di fferenti at edSOBRF§ BY o147 199 PRFECEFnIFE Rbt FeSBRRE ‘E%rqﬁ%é%‘%é’aéu@ngt s.

Thi s suggests that the. secondary peak wi Il not be gener ated_when the
i magi ng i s carthecanounyof oditaenikted drenc sheNaasipheral spopletens t hat ,

of the effectivé light source.

The mask is preferably a phase shifting mask.

The effective iight source is preferably a fly’'s eye
lens qomprising an assembly'of a plurality of lenses. The
diameters of the individual lenses of the fly’s eye lens
are preferably larger at the center portion thgn the
peripheral portions.

The region of the center portion of the aforesaid
effective light source where the amount of light is
lowered by the light intensity distribution correcting
means is preferably a regioh of 10 to 40 percent of the
outer diameter of the effective light source.

The peak of the amount of light at the pefipheral
portions of thé aforesaid effective light source

" preferably appears at a few points at rotary symmetrical
positions at the peripheral portions of the effective
light source.

The light.intengity distribution correcting means
-breferably has an optical element which lowers the amount
of light incideht upon the center portion of the effective
light source in relation to the peak value of the amount

of light incidenE upon the peripheral portions of the



when a |ight soufce giving a strong-intensity of the Iight

center portion of the fly's-eye lens is used as in the usual

16 at the
st epper, the

t hree-beam interference becones dom nant and a secondary peak i s generated,
while when & |ight source giving a strong intensity of the light at the
peripheral portion of the fly's-eye lens iggsed as in so- called oblique

i nci dent

peak is not ge

t echni

obl i que direct i on.. and as. aéueaslulltehselaihgf]eof t@gro-t or der él ght or +1-th

or der

que,

i ght
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illumnation, it becones two-beaminterference and a secondary
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portion ar
preferably 1.1 to 3 times the diameters of the individual
}enses at the péripheral portions.

The oﬁtical element is preferably a beam éplitter
and/or a prism lens.

The light intensity'distribution correcting means
preferably haé'a.filter having a high transmittance at the
peripheral portions as against the center portion.

The light intensity distribution correcting means
prgferably has a mechanical filter, which mechanical
filter has opening portions corresponding to the
individual lenses of the fiy's—eye lens and has diameters
of the rélated opening portions larger at the pe:ipheral
portions relative to the center portion.

The light intensity distribution correcting means
prefefably has an optical element and optical parts
arranged so that they can be made to approach or move away
from this optical element in the light path axis
direction. In this case,.a prism etc. may be used as the
optical element. |

The light intensity distribution correcting means
preferably further has means for dividing the beam
incident onn the aforesaid effective light source to two

or more beams, a movable mirror for irradiating the two or



made i nci dent, upon the pupil surface as shown in Fig. 8 and Fig. 9B, the
other primary light is rejected by the lens barrel, etc., and the pattern
is fornmed by the two- beaminterference. As a result, the apparent

nuneri ¢al aperture of the |ens can be reduced and there is a great effect
of i nprovenent of the depth of focus. On t ot her hand, however, there are
probl enms such as an increase of the adjacéncy effect due to the reduction

of the effective light. source, a |laowering_aqf the.illun nance,.,an increase
of the unevenﬂgggedgkY}$ iQEARS © q<§ﬁ§'?%§r85aﬁﬁeeg£%8gﬁyg %bgﬁ'n, a
strong influence of the telecentricity, etc. Note that, in E%E.'B,

ref erence nuMEFARrO®: RS IIEAH NARF HOTa loyegangy Eher dReRnh e st ol

denotes a
emitted from the center portion of the aforesaid effective

light source relative to the peak value of the amount of
light emitted from the periphe£a1 portions of the
effective light source by using‘the difference in scanning -
speed at respective points of the surface of the effective
light source dependent upon the surface shape of the.
aforesaid movable mirror.

The light intensity distribution correcting means may
also have a first filter wi;h a higher transmittance at
the peripheral portions than the center portion and_é
switching means for switching betweén a state passing
light through the first filter for a single exposure time
and a state performing exposure without paésing through
"the first filter. In this case, the apparatus of the
present inventién preferably further has a second filter
with a distribution of transmittance different from the
first filter and causes the light to pass through the
sécond filter in the state performing exéosure without
passiﬁg.;hrough the first filter.

The switching means preferably has a rdtary disk on
which at least the first filter is mounted and a drive
means for driving the rotat?on of the rotary disk.

Further, the switching means may have a slide mechanism



17 collimetor; reference nuneral 22 denotes a fly's-eye lens; reference
nunmeral 23 denotes a condenser |ens: and reference nuneral 24 denotes a
reticle (mask). Also, Fig. 9A shows the case of three-beaminterference;
and Fig. .9B*shows the case of two-beaminterference. (8) Wen considering
the situation of the above- described (6)2gnd (7), it is understood that it
is desirable to have a distribution of the intensity of the light on the
fly' s-eye len biﬁggﬁ@ i LOugs { s R such an
extent that a%ggggﬁ'ary pggé%%wkpgh?Pgég g}% eﬂﬁ?ﬁnthe Eé%?%g%g phase

That the proofinbeteSELEHE, SHEChRRon KR Wl RE TR BETRRTS Tot

ener at ed. . . . .
9 optical shutter type coptical material whose transmittance

of light changes according to the voltage applied.

The method of production of a semiconductor device
according to the present invention is particularly
suitable for use when making a semiconductor device on a
semiconductof Substrate using the above mentioned method
of pattérn formation.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objecté and features of the present
invention will become clearer from the following
description of the preferred embodiments made with
reference to the atfached drawings, in which

Fig. 1 is a view showing the fact that unevenness is
always present on a substrate surface in an actual device;

Fig. 22 is a graph showing the dependency on the
numerical apertﬁre when the resolution of a depth of focus
in a-KrF excimer laser lithography is used as a parameter
and Fig. 2B is a table thereof;

Fig. 3 is a a cross-sectional view of a phase
shifting ﬁask used in a halftone-type phase shift method;

Fig. 4A is a grabh showing the distribution of the
intensity of the'light on a wafer surface according to a

chromium mask method and Fig. 4B is a graph showing the



(9) Based on the above-descri bed concept, the inventor discovered that the
format shown in Figs. 10A and 10B is suitable as the distribution of the
anount of light on the fly' s-eye surface considering, in patterns of al

di recti‘ops, "the depth of focus of the periodic pattern, the depth of focus
of the isolated pattern, the generation ohqthe secondary peak, the degree
of the adjacency effect, the illum nance, the unevenness of illum nance,

Figure 10A Shous trah Sof o, EHG, APt ey BE PE {415, REREE waBKET ' O
ndi cate {he PEHEARE EGH D Seokhe BALFEGHE BRESE R HSEY 1o 9 show
the Fig. 5A is a graph showing the existence of a
secondary peak according to the halfténe type phase shift
method and Fig. 5B is a cross-sectional view showing that
the peripheral portions are "gouged" in shape due to the
secondary péak even in an isolated contact hole;

Fig. 6 is a conceptual view of a projection optical
systgm of a stepper;

Fig. 7 is a view showing the positional relationship
of rejection éf deffracted light;

Fig. 8 is a view showing the concept of an oblique
incident illumination technique;

Fig. 9A shows a case of three-beam interference and
Fig. 9B is a conceptual view showing the case of two-beam
interference;

Fig. 10A is a view showing the distribution of the
amount of light on a fly’s-eye lens by numerical va;ﬁes
and Fig. 10B is a view showing three—dimensionally the
distribution of the amount of light on the fly's-eye lens;

Fig. 11 is a view showing an example of an |
illumination optical system of a KrF excimer laser laser
stepper;

Fig. 122 is a view showing the state of the beam on a
prism, Fig. 12B is a view showing_a superposition of beams



proportions of the amount of |ight where the peak part is defined as 10. A
di stribution of the amobunt of light is exhibited which is lowin the center
portion and high in the peripheral portions. Also, Fig. 10B shows three-
di rensi‘onal I'y the distribution of the ampbunt of Iight shown in Fig. 10A
(10) The present -invention can be preferablg used in a case where the mask
pattern of the sem conductor device is transferred to a resist by using

phot ol i ¢ hogr anky andl ¢4) ALNEYe 2AaRs: ohneugtelye Lhe, fl}atéw%é,%ti%% LR

formati on accordi’ng to-the present I nven n conprises irradia

froman effectjve |ight_source to a S transferri e pattern of the
mask onto a s %??5%8? %hﬁngPﬁ¥ﬁﬁPt%€t%&%F@PWnﬁnogkggghgétPate, wher ei n

the amount of light emtted froma center portjon_of the aforesaid
effective Fig. 13A is a view showing the distribution of the

intensity of the light in a high densi;y pattern where a
re;icle composed of a usual chromium mask is used and in
addition the distribution of the amount of light on the
fly’s-eye lens is a Gaussian distribution and Fig. 13B is
a view showing the distribution of the inténsit& of the
light in the high density pattern where a reticle composeg
of a usual chromium mask is uséd and in addition the
distribution of the amount of light on the fly’s-eye lens
is the distribution shown in Figs. 10A and 10B;

Fig. 14A is a view showing a distribution of the
intensity of the light in a high density pattern where a
reticle composed of a phase shift halftone mask is used
and in addition the distribution of tﬁe amount of lighg on
the fly’s-eye lens is a Gaussian distribution and Fig. 14B
is a view showing the distribution of the intensity of the
light in the high density pattern where a reticle composed
of a phase shift halftone mask is used and in addition the
‘distribution of the amount of light on the fly’s-eye lens
is the distribution shown in Figs. 10A and 10B;

Figs. 15A and 15B are views showing a method of
superposition of beams, in which Fig. 15A shows the state

before the superposition and Fig. 15B shows the state



| ight source is lowered by a certain anmobunt with respect to the anmount of
light emtted fromthe peripheral portions of the effective |ight source.
The amount of the light emtted fromthe center portion of the effective
light source is preferably lowered by 2 to 90 percent with respect to the
peak value of the anount of |ight emttedydromthe peripheral 19
portions of the effective light source. As the mask, use may be nade of an

ordi nary chrogr D-"RRK Qﬁp§g§é§i§bbﬁti“9 mask etc. The present invention is
e

particularly ectrve in case of use of a phase shifting mask. The
phase shifting nas%ib% Tgtigaé}éﬁﬁléﬁ$ﬁing results of measurement of-

the distribution of the intensity of the light on a wafer
surface for Compafétive Example 1;

Fig. 17 is a graph showing results of measurement of
the dist;ibution of the.intensity of the light on the
wafer surface for Example A;

Fig. 18 is a graph showing results of measurement of
the distribution of the intensity of the light on the
wafer surface for Example B;

Fig. 19 is a graph showing results of measurement of
the distribution of the intensity of the light on the
wafer surface for Example C;

Fig. 20A is a cross-sectional view of a pattern
formed where a halftone phase shifting mask is used in a
usual illumination staté of Comparative Example 1 and Fig.

" 20B is a cross-sectional view of a pattern formed where
the exposure method according to Example C is used;

Fig. 21A is a plan view of a contact hole pattern
formed where a halftone phase shifting mask is used in a
usual illumination state of Comparative Example 1 and Fig.
21B is a cross-sectional view of a contact hole pattern
formed where the exposuré method according to Example C is
used;

Figs. 22A and 22B show the effective of improvement



limted and may for exanple be a rimtype or outrigger type phase shifting
mask. The effective light source is not particularly limted, but for
exanpl e suitable use may be made of a fly's eye |lens conprising an assenbly
of a pFfuraltrty of Ienses. Alternatively, use nay be nade of a plurality of
optical fibers as the effective I'ight sougge. The region of the center
portion of the aforesaid effective |ight source where the anmount of |ight

i ameter of :RE SHESGEPLE e foeds led S AC IR BE O 0 I HE L gt a
exanple ot & PERATLERES 3PP bchySSSREIITY fobeREBar atorS ort piis al
portions of t%%.s?:fgi%(i}tii\gi‘l loifgrtl_g'lesgm:ggéity of the light on the
conventional (Comparative Example 1) fly’s-eye lens is
" used without use of the halftone phase shifting mask and
Fig. 22B is a graph showing the depth of focus when the
exposure method according to Example C is used;
Fig. 23 is a plan view of the fly’s-eye lens;
‘Fig. 24 is a view showing Ehe concept of a mechanical
filter}
Fig. 25 is a view showing the state of a beam when a
pyramid prism or conicai prism is used; |
Fig. 26 is a schematic view of a pattern for
explaining Example 8. |
Figsf 27A to 27C are graphs showihg the variations in
critical dimensions;
Figs. 28A to 28C are SEM photograﬁhs of hole patterns
of the examples and comparative examples;
Fig. 29 is a view of the distribution of the
~intensity of the light used in Exémple 10;
Figs. 30A and 30B are views of examples of filters
used in the examples;
Fig. 31 is a view showing the concebt of addition of

distributions of the ihtensity of the light;

.- Figs. 32A to 32C are views of examples of switching



The amount of |ight incident upon the center portion of the aforesaid
effective |ight source can be lowered in relation to the peak val ue of the
amount of light incident upon the peripheral portions of the effective
| i ght sSource 20 by using a beamsplitter and a pyram d or conical prism

| ens. Further, the anount of the |ight in%gdent upon the center portion of

the effective |'ight source can also be lo 1red wWith respect to the peak

val ue of the %fount ofj%§%gélinqident at the peripheral portions of the
effective |igfteEefte i9t¢’a beam splitter alone, or pyranid. or |

conical prismalone,, or a plurality of pyramd or conical_ prisns.
Fig. 33 is a view showing the concept of addition of

distributions of the-inténsity of the light;

Figé. 34A to 34C are SEM photographs of hole patterns
of the examples and comparative examples; and

Fig. 35 is a view of the depth of focus in the
examples and comparative examples.

DESCRIPTiON OE‘ THE PREFERRED EMBODIMENTS

Below, embodiments of the present invention will be
concretely éxplained. Noté, of course, the present
inﬁéntion is not restricted by the embodiments. |

Example 1

This example is one wherein the distribution of the
amount of light shown'in Figs. 10A and 10B is formed on an
incident plane of the fly’s-eye lens 37 of an exposure

- device shown in Fig. 11 and the depth of focus is improved

so as to étably tfansfer a semiconductor device pattern
using a halftone phase shifting mask. Note that Figs. 10A
and 10B show a shape wherein a quadrupole is formed,
though slight, but there is no problem even if a annular
or other shape is'édopted. The results shown in the
present example are results obtained by using a KrF
excimer {gser stepper, but the results haye generality and
are not results which cannot be obtained depending on the

wavelength be used. They can be applied as they are to



It is also possible to | ower the amount of |ight incident upon the center
portion of the aforesaid effective light source lens relative to the peak
val ue of the amount of |ight incident upon the peripheral portions of the
effecti've |ifght source by using a filter having a high transmttance at the
peri pheral portions as against the centerj&ortion. It is also possible to

| ower the anmount of light emtted fromthe center portion of the aforesaid

fly | latjve to. th k val .th t | jght “enitted
From the per | pirerpioee D G R Heke Seel 4 PG RY tePhy Afec it

filter having opening portians corresponding to the individual |enses of
the fly's-eye F¥hPUARFHBAIRL W USRS 8L80oV1EReTeEPEFE LR pRHIHE P& i ons

| arger at the peripheral portions relative to the center portion.
excimer lasers and other wavelengths.

First, an explanation will be made of the overall
structure of the exposure device.

As shown in Fig. 11, this exposure device comprises'a -
laser device and a stepper device. The laser device is
constituted by an excimer laser 30, a dosage control ﬁnit
31, a shifting unit 33, and an emission optical system 34. .

- The stepper device is constituted by a beam splitter
35, a prism unit 36, a fly’s-eye lens 37, a masking blade
38, a reticle 39, and a projectién lens 40. The light for
exposure emitted from the excimer laser 30 is made

- incident upon the fly’s-eye lens 37 through the aforesaia
various optical systems. The fly’s-eye lens 37 becomes the
secondar? light source. That light for exposure reaches
the top of the surface of the wafer 41 through the reticle
39 on which the mask pattern is formed. The pattern of the
reticle 39 is transferred onto the wafer surface.

The fly’s-eye lens 37 is an assembly of a plurality
of (for example, 100) lenses. The outer diameter as a
whole is usually 5 cm to 20 cm.

_ Next, an explanation will be made of the procedure
whén the distribution of the amount of light shown in

Figs. 10A and 10B is selected for the incident plane to



It is also possible to | ower the amount of [|ight 21 incident upon the
center portion of the aforesaid effective light source relative to the peak
val ue of the amount of |ight incident upon the peripheral portions of the
effectiVe lijght source by using a prismand optical parts arranged so t hat
they can be nade to approach or nove away §Jyomthis prismin the light path
axis direction. is also possible to |l ower the amobunt of light emtted

fromthe centeE |gn of ,t aforesaj d eff c h sourc relative to
the peak val ue Bg % ﬁﬁﬁhﬂtpﬁ* Eiﬁﬁ%ted’%bﬁhpfﬂgeégFPBhg a%%orti ons
of the following (1) to (3) were carried out.

(1) The distribuﬁion of the amount of light on the
surface‘of the fly’s-eye lens of the conventional stepper
becomes a Gaussian distribution of a high amount at the |
center portion and a low amount at the peripheral portions
as shown in Fig. 12C. This is because, as shown in Fig.
12A, the light split by the'beaﬁ splitter 35 is cémbined
by the prism as shown in Fig. 12B.

Since the distribution of the amount of light
becomes that shown in Fig. 12C, there was a problem that
the illumination‘light effective for a rough pattern was
strong and, simultaneously, Ehe illumination light
-generating a secondary peak on the wafer 41 surface and
effective for a fine pattern was weak.

(2) ©So as to solve this problem, the intensity of
the light of the center portion of the fly’s-eye lens was
gradually shielded, and the oblique incident component was
emphasized to an extent that the secondary peak, which is

i the problem in a halftone phase shifting mask, was not
generated.

(3)” As a result, it was found that, when the'maximum
the intensity of the light existing at the peripheral
portions on the flyfs—eye lens was defined as 1, in a

distribution of intensity wherein the intensity of the



effective light source by dividing the beamincident upon the aforesaid
effective light source to two or nore beans, irradiating the two or nore
divided beans onto the aforesaid effective Iight'source by using a novabl e
mrror, and’utili.zing the difference in scanning speed at respective points
of the surface of the effective l'i ght sousee dependent upon the surface
shape of the aforesaid novable mrror. The dianeters of the indiyvidual |ens

of the fly's ewidenporhidit wald DopMberissy, Qﬁ:éﬁé%hﬂto lshercesksr gortion
t han the perlpheral portions. For exanple, in a fly's eye |ens, t he

di aneters of BRe£SPLAr pOrtion nmay be nade 1.1to 3
tinmes the dlaneters 0 helgh%iV| ua% ﬁgnges at the peri‘pheral portions. By

Figure 13A shows the distribution of the intensity of
the llight in a high density pattern ih a case where a |
reticle compr’ising a usual chromium mask was used and in
addition the distribution of the amount of light on the
fly’'s-eve lens was a Gaussian distributionf Figure 133
shows the distribution of the intensity of the lighf in a
high denéity pattern in a case where the reticle
comprising a usual chrdmiuﬁlmask is used and in addition
the distribution of the amount of light on the fly's-eye
lens is the dlstrlbutlon shown in Flgs. 10A and 10B.

Figure 14A shows the distribution of the intensity of
the light ih a high density pattern in é case where a
reticlelcomprising a phase shift halftone mask was used
and in addition the distribution of the amount of light on
the fly’'s-eye lens was a Gaussian distribution. Figure 145
shows the distribution of the intensity of the light in a
high density pattern in a case where the reticle
comprising a phase shift halftone mask was used and in
addition the distribution of the amount of light on the
fly’s-eye lens was the distribution shown in Figs. 10A and

10B.
In Figs. 13A and 13B and 14A and 14B, the conditions =

T were a wavelength A for the exposure light of 248 nm, a



22 configuring the lens in this way,

of illumnati
time is T, it

hi gher* transm ttance at the peripheral
atime of 005 x Tto 0.95 x T and to pasgsit through a second filter or

not pass it t
possible to |

effective lig

emtted from

a single exposure

t he

it is possible to prevent unevenness

on. Further, in the present invention, when a single exposure

is possible to pass the light through a first filter with a
portions than the center portion for

hrough a filter in the remaining exposure tine. By this,
ﬁwﬁérséslaasgféu% mg;g] d.ray) bhe eeng o7, pontdtdnd off the

It

t source relative to the peak value of the anmount of |ight

ig}ﬁepw?:lf’.éingﬁe\%%s 9T ONG U e o 16411 ¥Ral & FUs SOW £6n IdE | USt

0.35 pm. The focus F was changed to 0.0, 0.4, 0.6, 0.8, and
1.0 pm.

As shown in Fig. 13B and Fig. 14B, when the method of
the present invention is used, the secondary peak is
reduced.

The results shown in Figs. 10A and 10B show the
formation of a quadrupole, though slight, but there is no
problem even if an annular or other shape is adopted. In
the end, it is sufficient so far as the intensity of the
center portion is 0.9 or less, preferably 0.8 or less when
the maximuﬁ intensiﬁy of the light existing at the
peripheral portions on the fly’s-eye lens is defined as 1.

(4) An exposure technique for enlarging the depth of
‘focus, without being influenced by the secondary peak, by
using a halftone phase shifting mask and.without a placing
a load §n the design of the mask was established by using
the presgnt example.

Example 2

The present example is one wherein a desirgd
distribution of.the intensity of the light on the fly’s-
eye lens in ﬁhe present invention is formed when stably
transferring a semiconductor device pattern by using KrF

excimer lithography using the halftone phase shifting |

€ apparatus tor pattern formation according to

'S



present invention is one irradiating light froman effective |ight source
to a mask, transferring the pattern of the mask onto a substrate, and
formng the pattern on the substrate and is provided with a light intensity
di stributioh correcting neans for lowering the anount of light emtted from
a center portion of the aforesaid effectivas|ight source by a certain
anount with respect to the ampunt of light emtted fromthe peripheral

portions of thgagkf ephé erdéair&O WL ehel FR1llbeAhg NLENEHT 3 Hividrd but i on
correcting neans preferably is a neans far |owering the anount of the |ight

23 emtted fromipeegelii€r portion of the effective light

(1) In the illumination optical system of the KrF
excimer laser sEepper shown.in Fig. 11, the laser beam was
.divided into four beams by the beém splitter. Therefore, a
desired ?istribution of the amount of light was reproduced -
on the fly‘s-eye lens by adjusting the opening angle of
the beams and beam intervals when resuperposing these
divided beams.

(2) Namely, by dividing a beam 42 as shown in Figi
15A by the beam splittef 35 shown in Fig. 11 and
superposing the resultant beams by using a prism unit 36
shown in Fig. 11 (refer to Fig. 15B), the desired
distribution of the amount of light of the present example
was reproduced on the fly’s-eye lens.

In Fig. 15A, the shépe of the light source after the
superposition determinéd.hOW'much Ehe respective beams 42
before the supefppsition were shifted to the inside or how
much the dimensions were to be made at the shorter side
direction of the beams. In Fig. 15B, the four corner
portions 43 are light superposition portions ana parts
acting as the peak parts of the amount of light. At the
center portion 44, light exists due to the spread of the
respective beams, but the amount of light is low.

The distribution of the amount of light on the fly’s-



source by 2 to 90 perecent with respect to the peak val ue of the anount of
light emtted fromthe peripheral portions of the effective |ight source.
The mask is preferably a phase shifting mask. The effective light source is
preferably a fly's eye |l ens conprising an assenbly of a plurality of

| enses. The dianeters of the individual |g8nses of the fly's eye lens are
preferably larger at the center portion than the peripheral portions. The

region of the e?/j%nR%h_spghﬁrifaeeoébtaﬁnéﬁ%ﬁéﬁitf.h@fﬁé%ﬁﬁé wed kaperpededepyher e
the amount of [ight is lowered by the light intensity distribution i
GOr e, "0, PR cHeeheeglly Retshiots e o Seslugh Hiephuer
t he peripheraknpggggqniogfaﬁgelggpresaid effective |light source
(3) From the above, in the example of the present
- invention, a shape of.a light source emphasizing the
obligue incident component to such an extent that the
secondary peak was not generated:was established.
Example 3
In the above-described Example 2, when forming a
shape of the light source sﬂape emphasizing the oblique
incident component to such an extent that the secondary
peak is not generated, if the intensity of the light at
.the center portion on the fly’s-eye 1ens is set too small,
the probleﬁ inhereﬁt in the oblique incidént exposure
method mentioned above becomes more conspicuous, although
a secondary peak is not generated. The.present example is
one wherein the lower limit (2 percent) of the intensity
:of the light of the center portion on the fly’s-eye lens
is found based on the following optimization:
oo " (1) The influence exerted upon the resolution
performance when changing the intensity, of the light at

the center portion of the fly’s-eye lens is shown in Table

1.



preferably appears at a few points at rotary symretrical positions at the
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| ght

i nci dent upon:the peripheral
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Table 1

portions of the effective |light source.
di stribution correcting nmeans preferably has an opti cal
| ower st he anount of

The |ight

intensity

el ement which
i nci dent upon the center portion of the

effective light source in relation to the peak value of the amount of |ight
portions of3g he 24 effective light source.
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The optical elenent is preferably a beamsplitter and/or a prismlens. The
l-ight intensity distribution correcting neans preferably has a filter
having a high transmttance at the peripheral portions as against the
center “portion. The light intensity distribution correcting nmeans
preferably has a nmechanical filter, which yechanical filter has opening
portions corresponding to the individual |enses of the fly's-eye |lens and

has di ameters of th@ab@éai%&%MM_m@@@ L8e08EpEh SPEREId PhgHA
portions relative to the center portion. The light intensity distribution

correcting neaQ?d?heﬂﬁifgk %Qﬁzdgf%ﬁﬂiﬁgﬁée?lfiTﬁﬁiﬁHHEé“ﬁﬂ#f%ﬁ#%%né

arranged so t ha “they can 0 approach ‘or nove away _
ptical Chenhghlal SelLobh RALR S VRN QR ol Bstfih case a prism

In the table, the part indicated by "overall® is the
common depth of focus for all these groups. Namely, the
values of the depth of focus indicated for "overall® are
the depths of fdcus important when fabricating an actual
semiconductqr device in which various pattern shapes,
roughness or density of pattern, and directivity are
coﬁtained. |

Also, Comparative Example 1 shows a conventional
exposure method giving a distribution of the intensity of
the light of a Gaussian distribution on the fly‘s-eye lens
surface; Comparative Example 2 shows four-point
illumination in the oblique incident illumination; and -
Compara;ive Example 3 shows annular illumination.

Examples A, B, C, and D show depths of focus when
using distributions of thé intensity of the light having a
vertical incident component so that the oblique incident
component is‘gradually emphasized'in the intensity of the
light of the center portion of the fly’s-eye lens and the
problem possessed by the oblique incident exposure method
is not generated. In these Examples A, B, C, and D, the
conditions are the same-except that the amount of light

of the centér portion on the incident plane of the fly’s-



optical elenment. The light intensity distribution correcting neans
preferably further has neans for dividing the beamincident upon the
aforesaid effective |ight source to two or nore beans, a novable mirror for
irradiati'ng the two or 25 nore divided beans onto the aforesaid
effective light source, and scan neans for 40owering the anount of Iight
emtted fromthe center portion of the aforesaid effective light ,source

rel ative to theypedlenslive chaingled 8aD90tp@fcéntghtsepdricehtf,r G paecent,

peri pheral portions of the effective |light source by using the difference

in scanning spegly 3 JeRRE, YesPRrictlivell,! HetRUEESEEcOT tédehe il | Ve

" value of the peripheral portions.
The overall depth of focus is 0.42_um in the
conventional exposure method (Comparative Examéle 1),
while the depth of focus is 1.02 pm in the oblique
incident illumination (Coﬁparative Example 2) and 1.2 pum
in the annular illumination  (Comparative Examplé 3).
Namely, where the oblique incident illumination and
annular illumination are used, there is a conspicuous
effect of improvément of the depth of focus at the center
portion of a five-bar chart, but the depth of focus
containing all patterns dug to the already mentioned
problem, that is, the'adjacency effect, is not so great.
On the other hand, in the intensity of the light at

the center portiocn on the fly’s-eye lens, when the obligque
incident component ié gradually emphasized and a
‘@istribution of-thé intensity of the light having a
vertical incident component is used so that the problem
possessed by the oblique incident exposure method is not
generated (Examples A to D), even in the effect of
imprOvegent of the depth of focus at the center line of
the five-bar chart} an effect of improvement of the depth

of focus equivalent to that by annular illumination

(Comparative Example 3) is obtained, i.e., the depth of



| i ght source dependent upon the surface shape of the aforesaid novable
mrror. The light intensity distribution correcting neans may al so have a
first filter with a higher transmttance at the peripheral portions than
the center portion and a switching neans for switching between a state
passing light through the first filter for4la single -exposure tine and a
state perform ng exposure w thout passing through the first filter. In this

case, the a i t f S a

second fil tgfafg{:ﬁéaf%l s‘&g‘r(g‘;%?% 5o Eéer%tns?(rzhn g%cg&g?ﬁl%é&"%ﬂ?r oﬂnéat he first
filter and causes the.li Et to 8$S t hrough, t he. secqnd fllter in the state
per f or mi ng expoSuYEX G\H’ﬂg meth TR iye EFFRRte )+t or . The switching

means preferably has a rotarg di sk on which at |least the first filter is
mount ed and a dri veThe results of measurement of the distribution of the

intensity of the light on the wafer surface for the
aforesaid Examples A, B, and C are shown in Figs. 17 to 19,
while those fdr the conventionai method (Comparative
Example 1) are shown in Fig. 16. As shown in Figs. 17 to
19, in comparison with the coénventional method shown - in
Fig. 16, in the present Examples A, B, and C, the
secondary peak p could be reduced.

In actuality, in the above-described Comparative
Example 1 and Example C, the difference of the resolutionl
perfofméhces where the pattern is formed on the surface of
the semiconductor wafer is shown in Figs. 20A and 20B.
Figﬁre 20A is a cross-sectional view of a wafer where é
line pattern having a line width of 0.3ﬁ fm is actually -
formed by using the halftone phase shifting mask in a
usual illumination s£ate of Comparative Example 1. The
used exposure device is a KrF excimer laser stepper of a
numerical aperture of 0.45. As a resist, a chemical
amplifying type positive resist was used. Attenﬁion was
paid to a pattern having a rough/dense ratio of line
versus space of 1:1.5.

Figure 20B is a cross-sectional viéw of a wafer in

the case where light is illuminated onto the fly’s-eye



means for driving the rotation of the rotary disk. Further, the switching
means nmay have a slide nechani sm 26 enabling at least the first filter
to nove slidably. Further, as the switching neans, use may be made of an
optical shutter type optical material whose transmttance of |ight changes
according to the voltage applied. The met hot2 of production of a

sem conduct or device according to the present invention is particularly

sui tabl e for ustenbBewitthkangistspatciong usi ahel @xiotatob fal sght cof Gidngile
substrate using the above nmentioned nethod of pattern formation. BRI EF

DESCRI PTI ON OF ¢HE: PRAW 8ised as a secondary light source, and a line

pattern having a line width of 0.30 um is actually formed
by using the halftone phase shifting mask. The other
conditions are similar to the case of Fig. 20A.

In the conventional method (Compafative Example 1),
the pattern 52 resulting from the secondary peak ends up
resolved in addition to the desired pattern portion 50. On
the other hand, in the exposure method according to the
present Example C, the pattern 50 is preferably formed
without influence by the secondary peak. Also, even if the
focus is deviated by +0.6 pm, a good pattern 50 is formed.

Figure 21A is a plan view of a semiconductor wa;fer
where a contact hole of 0.3 um is actually formed by u_sing
the haiftone phase shiftihg mask in the usual illumination
state of the above—describeci Comparative Example 1. The
used exposure deviée is a KrF excimer laser stepper of a
numerical aperﬁure 0.45. As a resist, a chemical
amplifying type positive resist was used. Attention wa;s
paid to a pattern having a rough/dense ratio of 1:1.

Figure 21B is a cross-sectional view of a wafer in
the case where light is illuminated onto the fly’s-eye
lens with a di.stribution of the amount of light of Example
C, this is used as a secondary light source, and a contact

hole of 0.30 pm is actually formed by using a halftone



These and ot her objects and features of the present invention wll becone
clearer fromthe follow ng description of the preferred enbodi nents made
with reference to the attached drawings, in which Fig. 1 is a view show ng
the fact .that unevenness is always present on a substrate surface in an
actual device; Fig. 2A is a graph show ng #Be dependency on the nunerical
aperture when the resolution of a depth of focus in a KrF excinmer |aser

l'i thography i s grefeb %ﬁdqafgaﬂﬁfsw ehd EtaerZé’omalalé@@I@ré ham@afar klod. 3
Is a a cross-sectional view of a phase shifting mask used in a hal ftone

type phase shlfqmggkﬁgg fFFQ _449hs a graph showi ng the distribution of the
intensity of the light on a mafer surface according to a chrom um mask

method and Fig. 4B Ig, 31Qr 3B #WA% 1 fethod (Comparative Example 1),

the pattern 52a resu;ting from the secondary peak ends up
resolved in addition to the desired.pattern portion 50a.
On the other hand, in the exposure method according to the.
present Example C, the pattern 50a is preferably formed
without influence by the.secondary peak. Also, even if the
focus is deviated by #0.6 um, a good pattern 50a is
formed. |

Figures 22A and 22B show the effect of improvement of
the depth of focﬁs with a line width of 0.30 um. The used
exposure device is a KrF excimer laser stepper of a
numerical apertﬁre of 6.45. As the resist, a chemical
aﬁplifying type positive resist was used. Attention was
paid to patterns having a rough/denée ratio of line versus
spacé of 1:1 and 3:1. When & halftone phase shifting mask
was not used and the conventional (Comparative Example 1)
distribution of the intensity of tﬁe light on the fly’s-
eve lens was used, a depth of focus of only about 0.9 pm
could be obtained. On the other hand, in the exposure
method according to the present example C, a depth of
focus of 1.86 um, which is more than two times this, is
obtained. Note that, although it has been already.

mentioned, when the distribution of the intensity of the



27 distribution of the intensity of -the light on the wafer surface
according to the hal ftone phase shift nethod; Fig. 5A is a graph show ng
the existence of a secondary peak according to the halftone type phase
shift metthod and Fig. 5B is a cross-sectional view showi ng that the

peri pheral portions are "gouged" in shape dde to the secondary peak even in
an.isolated contact hole; Fig. 6 is a conceptual view of a projection

optical systemldfgtt srepper cohvgntiohalaf Vi ew-epevi ags tared posd hiadF&lone
relationship of rejection of deffracted light; Fig. 8 is a view show ng the
concept of an YHASBISHITH IR Nmalslk BFeNabBInb8¢ i YRt ern resulting from
| the secondary peak ends up resolved, and allowable imaging

is not achieved.

According to the pfesent example C, it was confirmed
that the depth of focus could be enlarged without
influence by the secondary peak and without a load being
placed on the design of the mask by using a halftone phase
shifting mask.

(2) As shown in Table 1, the illuminance
(illumination output) is lowered to about 30 percent in
comparison with.the conventional method (Comparative
Example 1) when using the obllque incident illumination
(Comparative Example 2) method or annular illumination
(Comparative Example 3) method. On the other hand, in the
present Examples A to D, an iliuminance (illumination
'butput) lowered to about 10 percent is enough. Moreover,
the unevenness 6f illumination (illumination uniformity)
deteriorates to about 5 percent if the oblique incideht
method (Comparative Example 2) or the annular illumination

~method (Comparative Example 3) is used. Considering the

sensitivity of the resist, the line width varies due to
the unevenness of illumination. On the other hand, when
the examples 6f the present invention are used, the

unevenness of illumination is the same degree as with the



Fig. 9A shows a case of three-beaminterference and Fig. 9B is a conceptual
vi ew showi ng the case of two-beaminterference; Fig. 10A is a view show ng
the distribution of the amobunt of light on a fly's-eye |ens by nunerical

values and Fig. 10B is a view show ng three-dinensionally the distribution

of the amount of light on the fly' s-eye lass; Fig. 11 is a view showi ng an
exanple of an illum nation optical systemof a KrF exciner |aser |aser

stepper; Fig. cotfydrit forva M Yd NGd idieteatie A6 &@eeb@@rﬂm\ﬁerwé B Fig.
12B is a view showing a superp03|t|on of beans:

the present invention.
(3) When defining the intensity at the peripheral

- portions of the fly’s-eye lens as 100, it was found that
with a distribution of intensity giving an intensity of
the ceﬁter portion of 2 percent, preferably 20 percent or’
more, there were none of the problems possessed by ﬁhe
oblique incident exposure_méthqd, that is, the increase of
the adjacency effect due to the reduction of the effective
1igh£ source, lowering of the illuminance, increase of the
illuminance unevenness, loWering of the exposure margin, a
strong influence of the telecentricity, etc.

Namely, it is learned that a distribution of the
intensity of the light on the fly’s-eye lens having a
vertical incident component of 2 percent, preferably about
20 percent or more, is.preferable so as not to cause the
problems possessed by the oblique incident exposuré
method.

| {4) It was found from the %bove that, according to
Example 1 and the present example, when the maximum
intensity of the light in.the distribution of the
intensity of the light on the fly‘’s-eye lens was 100, by
setting the intensity of the light of the center portion
to 2 to 90 percent, preferably 20 to 80 percent, no

secondary peak was generated in the distribution of the



on the fly's-eye lens; and Fig. 12Cis a view show ng the Gaussi an
distribution of the anount of light; Fig. 13Ais a view showi ng the
distribution of the intensity of the light  in a high density pattern where
a reticle conposed of a usual chromiumnmask is used and in addition the

di stribution of the anount of light on the4d y's-eye lens is a Gaussian
distribution and Fig. 13B is a view show ng the distribution of the

intensity of theydéddlty ot ndilalyiedsi thePRbteF NeWhEi e Al EliHer® GaMeosed

of a usual ‘chromumnnask is used and in addition the distribution of the

amount O o IMidHls (9 Y coien LIt dlte sl ehe! Qi1 gfe figupad: Fi 0

10A and 10B; Fi 4A 1s a“view show ng a distrrbution the intensity of

the light in a high densit%mgﬁttern where a reticle conposed of a phase
shift hal ftone TERR®YES LAY in addition the distribution of the anount

of light on . )
_ The results shown in the present example are results

obtained by using a KrF excimer laser stepper, but the
results have generality and can be applied as they are to
conventionally used g-rays and i-rays as well. Also, they
can be preferdbly used also with respect to'future ArF
excimer lasers and other.wavelengths.

Example 4

The present example is one wherein the desired
distribution of the intensity of the light on a fly’s-eye
lens in the present invention is formed by using an
absorption type or reflectiop type filter mounted on the -
fly's-eye lens when stably tranSferring the semiconductor
device pattern by using a halftone phase shifting mask.

In the illumination optical system of the stepper,
when defining the distribution of the intensity of the
light immediately beﬁore the light is incident upon the
fly’'s-eye lens 37 shown in Fig. 23 as I, (x, y), the
desired distribution of the inténsity of the light can be
obtained by attéching an absorption or reflection type
filter having a transmittance T (x; y) to the position
immediately before or after the light is incident on the

fly‘’s-eye lens. Namely, a filter having a different



the fly's-eye lens is a Gaussian distribution and Fig. 14B is a view
showi ng the distribution of the intensity of the light in the high density
pattern where a reticle conposed of a phase shift halftone mask is used and
in addition®the distribution of the anount of light on the fly' s-eye |lens
is the distribution shown in Figs. 10A ang710B; Figs. 15A and 15B are views
showi ng a nethod of superposition of beans, in which Fig. 15A shows the

state before tiye, saRoE PRt A0, ML ighs k5B WaWs obhg Abal By vagdrafter the

superp03|t|on Fig. 16 is graph showing results of neasurenent of

distribution ofefRe;{ PAENS dmle L Msdd HHe ¥L 18 W& Ehe surface of a

ground material such as of synthetic guartz. Note, the
coordinate system on the fly’s-eye lens sﬁrface is méde
{(x, v).

Due to the ébove, a state of the light source which
emphasizes an oblique incident coméonent to such an extent
that a éécondary peak is not generated and does not have
any'of the problems inherent in the oblique incident
exposure method was established.

Example 5

The present example is one wherein the desired
distribution of the amount of light is formed 6n the
ﬁly’s—eye lens surface by using a mechanical filter 60 aé
shown in Fig. 24 when stably transferring a semiconductor
device pattern by using a halftone phase shifting mask.

In the distribution of the intensity of the light
immediately before the light is incident upon the fly‘’s-
eye lens, in the case of a so-called "Gaussian
distribution® illumination where the center portion has a
strong intensity of the light, a metal plate provided with
openings having é size the same extent as fhat of'the
individua} fly‘s-eye lenses for the_periphe;al region in
which the oblique incident component should be emphasiéed

and having gradual smaller openings than that of the



surface for Conparative Exanple 1; Fig. 17 is a graph show ng results of
measurenment of the distribution of the intensity of the light on the wafer
surface for Exanple A, Fig. 18 is a graph showi ng results of measurenent of
the distriblGtion of the intensity of the light on the wafer surface for.
Exanple B; Fig. 19 is a graph showi ng resulgts of neasurenent of the .
dlstrlbutlon of the intensity of the light on the wafer surface for Exanple

C, Fig. 20A isf&F05saseot @aéyéul%s@‘s %o%rzidef:ﬂefeéﬂ@ér‘(’)‘%@%oﬁl@lftone

phase shifting nmask 1s use |n a usual 1llumnation state nparative

YDl © 1,700 B iy SO SRR B 8001 DTS S AP E
of a contact rggéiémg&égon of the intensity of the light immediately

after the transmissipn through the fly’s-eye lens becomes

the desired distribution of the intensity of.the light.

Note that, in the case of a so-called "flat"
illumination where the distribution of the intensity of
the light immediately.before the light is incident upon
the fly‘s-eye lens is flat, a metal plate provided with
openingé having a size the séme extent to that of the
individual fly's-eye lenses for the region in which the
oblique.incidenﬁ component should:be emphasized having
smaller openings than Ehat of individual fly‘’s-eye lenses
at the cénter portion where the intensity of the light
should be lowered is inserted immediately before the
fly’s~eye lens sé that the distribution of the intensity
of the light immediately after the transmission through
the fly’'s-eye léns becomes the desired distribution of the
intensity of the light.

_Due to the above, a state of the light. source which
emphasizes an oblique incident compdnent'to such an extent
that a secondary peak is hot generated and does not have
any of the problems inherent in the obligque incident

exposure method was established.

Exaingl e b



formed where a hal ftone phase shifting nmask is used in a usual illum nation
state of Conparative Exanple 1 and Fig. 21B is a cross-sectional view of a
contact .hole pattern forned where the exposure nethod according to Exanple
Cis used; Figs. 22A and 22B show the effective of inprovenent 30 of the
depth of focus with a line width of 0.30 [é8r], in which Fig. 22Ais a
graph showi ng a depth of focus when the distribution of the intensity of
the |light on the cortlentoresEny Exaurglat iveohsawpbeein fhe ' desdymd ens i s

used without use of the hal ftone phase shifting mask and Fig. 22B is a
graph show ng tdisstdeithdt i¥n T thehgRehBety of the light on the fly’s-
| eye lens in the present invention is obtained by attaching

a pyramid prism or a conical prism in the interior of the
illumination system, which has not been divided in the
light péf:h, w1:1en stably transferring a semiconductor
device pattern by using a halftone phase shifting mask. It
is also possible use the_se prisms alone or to use a prism
70 integral with a optical part 72 having a shape fitting
the same as shown in Fig. 25. Where used integrally, when
the exposure method according to the present invention. is
used, the desired distributién-of the intensity of the
light on the fly‘s-eye lens is obtained by making the
distance between the prism 70 and the optical part 72
having a- shape fitting the same variable.

Moreover, in the formation of a pattern by using
usual illumination as weil, use may be made of a priém énd
an optical part 72 having a shape fitting the same |
attached closély together. Namely, a zoom function is
given by eithe”r- of the prism 70 or the optical part 2

.having a shape fitting the same and the zoom function is
controlled by input from the console side.

Due to the above, a state of the light source which
emphasizes an oblique incident component to such an extent

that a secondary peak is not generated and does not have



exposure method according to Exanple Cis used; Fig. 23 is a plan view of
the fly's-eye lens; Fig. 24 is a view show ng the concept of a nechanical
filter; .Fig. .25 is a view showing the state of a beamwhen a pyram d prism
or conical'prismis used; Fig. 26 is a schematic view of a pattern for

expl ai ning Exanple 8. Figs. 27A to 27C are gpaphs showi ng the variations in
critical dinensions; Figs. 28A to 28C are SEM phot ographs of hol e_patterns

of the exanpl es aaRd cFoRBar ptbkeepsaimheépenti th 2R ichbld Qe Wneh dehe
distribution of the intensity of the Iight used in Exanple 10; Figs. 30A

and 30B are Vi ewsRfs A MeDLak! bbeaB1Y8Rdal N the exanpl es;

Example 7

The present example is one wherein, when stably
transferring a semiconductor device pattern by using.a
halftone phase shifting mask, the light path is divided
into two or more paths, the illumination light is
irradiated onto the fiy's—eye lens by using a vibration
mirror having a concave surface or a rotating polygonal
mirror. in individual light paths, and use is made of the
difference of the scanning sp_eed at the surfaces of points
of the fly’s-eye lens depending upon the shape of the:
mirror surface so as to control the oblique incident
component and vertical incident component through t.he
entire exposure ﬁime and control the distribution of the
deffracted light at the mask. Note, the scanning
directions when using the two or more divided beams are
made orthogonai . Note that the scanning speed was
controlled by synchronizing the same wii:h the resist
exposure time.

Due to the above, a state of the light source which
emphasizes an oblique incident component to such an extént
that a secondary peak is not generated and does not have
any of the problems inherent in the obliqué incident

exposure method was established.



Fig. 31 is a view showing the concept of addition of distributions of the
intensity of the light; Figs. 32A to 32C are views of exanples of swtching
31 devices of filters; Fig. 33 is a view showing the concept of addition of
distributions of the intensity of the light; Figs. 34A to 34C are SEM

phot ographs of hole patterns of the exanplsgs and conparative exanples; and
Fig. 35 is a view of the depth of focus in the exanpl es and conparative

exanpl es. DESCRIPTIg&g&E%%ﬂg PREFERRED EMBODI MENTS Bel ow, enbodi nents of
the present inventi W e

This example is one in which the intensity of the
light at the center poftion of the fly’s-eye lens is made
30 percéht relative to that of the peripheral portions as
in Example C of the above Example 3 when transferring a
memory cell pattern using a halftone phase shifting mask.
The distribution of the intensity of the light is the same
as the distribution shown in Figs. 10A and 10B. The
exposure device used was the one shown in Fig. 11. More
specifically, use was made of a KrF excimer laser stepper
of a numefical aperture of 0.45. Further, as the resist,
use was made of a chemically amplified positive resist
(WKﬁ—PTZ).

An outline of the memory cell pattern obtained by
this exposure is shown in Fig. 26. One cell is constituted
by a pair of gate electrodes 80a and 80b. Considering the
fact that the memory cells ére densely arranged no matter
what the position on the wafer, cell numbers were given in
order from the end and the critical dimensions of the
pattern of one electrode in a cell, for example, the ieft
side gate electrodé 80a, were measured. The variations in
the critical dimensions in Example 8 are shown in Fig.

27A.

As Compdrative Example 4, the same procedure was

performed as in Example 8, except that the distribution of'



concretely explained. Note, of course, the present invention is not
restricted by the enbodi nents. Exanple 1 This exanple is one wherein the
distribution of the anmount of |ight shown in Figs. 10A and |OB is formed on
an inci dent plane of the fly's-eye lens 37 of an exposure device shown in
Fig. 11 and the depth of focus is inproved $& as to stably transfer a

sem conductor device pattern using a.hal ftone phase shifting mask., Note

that Figs. 10A attie |iB erwitya maﬁ@nm&madlatqdadnuméeﬂwéeéy‘md.ertshough
slight, but there is no problemeven if a annular or other shape is

adopt ed. The respid mAlOWhd GahidRiRMCEEREreHARRLA dhewhess | #5g Ozl ned by
using a KrF exciner |aser stepper, but the results have generality ‘and are

ey con be an PR Herkind A B8RRI A8 PAshIES "BY Rl bt}

They can be applle

performed in the same way as in Example 8, are shown in
Fig. 27B. |

As Comparative Example 5, the same procedure was
performed as in Example 8, except that the distribution of
the intensity of light irradiated on the fly’s-eye lens
was made an annular illumination distribution (the

: intensiﬁy of the light at the center portion of 0), to
form a memory cell pattern. The results of measurement,
performed in ﬁhe same way as in Example 8, are shown in
Fig. 27C.

In Example 8, it waé confirmed that the variations in
critical dimensions were greatly reduced compared with
Comparative Example 5.of the annular illumination.
Further, in Comparative Example 4, while there was little
variation'in thé critical dimensions, the effective light
source was a conventional Gaussian distribution one, so
there was the chance of occurrence of a secondary peak and
the depth of focus was small.

Example 9

This example is one in which the intensity of the
light at the center pbrtion of the fly’s-eye lens ié made

30 percent relative to that of the peripheral portions as



32 conventionally used g-rays and i-rays as well. Al so, they can be
preferably used also with respect to future ArF exciner |asers and other
wavel engths. First, an explanation will be nade of the overall structure of
t he exposure‘device. As shown in Fig. 11, this exposure device conprises a
| aser devi'ce and a stepper device. The | ase33 device is constituted by an
exci mer | aser 30, a dosage control unit 31, a shifting unit 33, -and an

em ssion opti cainsgga®pl 84C dihealsd epphie HRuinpeel S WNES i FarSFelbyi B keam

splitter 35, a prismunit 36, a fly's-eye lens 37, a masking blade 38, a

reticlg 39, andpazpr@hefid Pde | Elnétiler TnddAN 1Y pattern using a

' halftone.phase shifting mask. The distribution of the

intensity of the light is the same as the distribution
shown 'in Figs. 10A and 10B. The exposure device used was
the one shown in Fig. 11. More specifically, use was made
of a KrF excimer laser stepper of a numerical aperture of
0.45. Further, as the resist, use was made of a chémically
amplified positive resist (WKR-PT2).

Patterns were formed under conditions of a best
focus, a -1.0 pm defocus, and a +1.0 um defocus for
patterns of ratios of the inside diameter of the contact
holes and the intervals.between them (duty ratio) of 1:3,
1:1.5, and 1:1. That is, patterns were formed for nine
sets of conditions. SEM photographs of the contact hole
patterns obtained undéf these nine sets of exposure
conditions are shown all together in Fig. 28A. As
iliustrated, it was confirmed that contact hole patterns
can be excellently formed even if the duty ratips differ
or with defocusing.

As Comparative Example 6, the same procedure was
performéa as in Example 9, except that the distribution of
the intensity of light irradiated on the fly’s-eye lens
was made the Gaussian distribution shown in Fig. 12C, to

form contact hole patterns. The results of wbservation by



exposure emtted fromthe excinmer |aser 30 is nmade incident upon the
fly's-eye lens 37 through the aforesaid various optical systens. The
fly's-eye lens 37 becones the secondary |ight source. That light for
exposure reaches the top of the surface of the wafer 41 through the reticle
39 on which the mask pattern is formed. TheS5pattern of the reticle 39 is
transferred onto the wafer surface. The fly's-eye lens 37 is an assenmbl y of

a plurality of GEM pexargiraphi)Opbelrénseed Thethet sameliviaietaay iaSERamMBOLE i S
usually 5 cmto 20 cm Next, an explanation will be made of the procedure

when the distrilgyt age ehomelanpygt B! ighpathewhd wikhd8ens@iyand 10B is
sel ected for the incident plane to
arranged holes, holes caused by the secondary pegk ended
up being formed.
~ As Comparative Example 7, the same procedure waé
performed as in Example 9, except tha£ the distribution of .
the intensity of light irradiated on the fly’s-eye lens
was made an annular illumination distribution (the
intensity of the lighf at the center portion of 0), to
form contact hole patterns. The results of observation by
SEM photographs, performed in the same way as in Example
9, are shown in Fig. 28B. While there was no problem at the
time of the best focus, good holes could not be formed at

the time of defocusing;

Example 10

Example 10 is one in which the amount of éhe light
emitted from the center portion of the effective light
source is loweréd by a certain amount relative to the
amount of light emitted from the peripheral portions of
the effective light source by passing light through a
first filter with a higher transmittance at the peripheral
portidns as against the center portion for a time of 0.05
X T to 0.95 x ?; when a single exposure time is.T, and not
passing it through the filter in the remaining exposure

time.



33 the aforesaid fly's-eye |l ens 37. The procedures of the following (1) to
(3) were carried out. (1) The distribution of the anount of |ight on the
surface of the fly' s-eye Il ens of the conventional stepper becones a
Gaussi an disfribution of a high ampunt at the center portion and a | ow
anount at the peripheral portions as shown 5m Fig. 12C. This is because, as
shown in Fig. 12A, the light split by the beamsplitter 35 is conbi ned by
the prismas shown i InFtlhis l&ams eicarddd sdimadel biit annexposince ajeride aff

| i ght beconmes that shown in Fig. 12C, there was a problemthat the

i1lum nation |ighe Ba&e6tdyer{ Qirat 1OH Bhdwer Ll FigRS13L I PAGREGLate

sinmul taneously, the illum nation |light generating a secondary peak on the

wafer 41 surfacghapd ehlefidNe fOnhdt HaleelPthebighetndeiter, the
distribution of the intensity of the light incident on the
fly’'s~eye lens used as the effective light source is made
the flat distribution of intensity of light shown in Fig.
29..

In this example, the rotary disk type filter
switching device 90 shown in Fig. 32A, for example, is
disposed at the light incident side or the light emission
side of the fly’s-eye lens 37 shown in Fig. 11. This
filter switching device 90 is comprised of the rotary disk
92 and a rotary drive shaft 94 for driving the same. The
rotary disk 92 has formed on it, along the peripheral
direction, a light transmitting opening 95, a filter 96,'
and othér filters. The filter 96, for example as shown in
Fig. 30A, blocks light in a range of 0.5 from.the center
portion when thé outer diameter is 1.0.

- When a single total expésure time is 1 second, in the
initial 0.2 second, the exposq;e light is passed through
the opening 95 shown in Fig. 322, then the rotary disk 92
is rotated instantaneously and the exposure light is
bassed through the filter 96 for exposure in the remaining
0.8 second. As a resulﬁ, as shown in Fig. 31, the

distribution of the intensity of the light from the



(2) So as to solve this problem the intensity of the Iight of the center
portion of the fly's-eye | ens was gradual |y shi el ded, and the oblique
i nci dent conponent was enphasized to an extent that t he secondary peak,
which is the problemin a hal ftone phase shifting mask, was not gener at ed.
(3) As aresult, it was found that, when t He6 maxi mum t he intensity of the
l'ight existing at t he peri pheral portlons on the fly's-eye lens was defined
as 1, in a di stefbectineolightescurgewer «iingle axposwie fige breomes3s
center portion was 0.9 or less, preferably 0.8 or less, a secondary peak
was not generategual to the distribution of the intensity of light of the
sum of the product of the distribution of the intensity of
light shown in Fig. 29 and time and the product of the
distribution of the intensity of light shown in Fig. 30a
and time.
Accordingly, in this example as well, the
distribution of the intensity of light of the light source
~can give a certain degree‘of intensity of light at the
center portion of the light source while emphasizing the
two-beam component and enables enlargement of the depth of
focus of the dense pattern without affecting isolated
patterns.
In this example, a halftone mask was used as the
mask, but a usual chromium mask can also be used. Further,
the total exposure time is not limited to one second. It
may be made shorter or longer depending on the other
conditions.
Example 11
Example 11 is one in which the amount of the light
"emitted from the center portion of the effective light
source is lowered by a certain amount relative to the
amount of light emitted from the peripheral portions of

the effective light source by passing the light through a

first filter with a higher transmittance at the peripheral



Figure 13A shows the distribution of the intensity of the light in a high
density pattern in a case where a reticle conprising a usual chrom um mask
was used and in addition the distribution of the amount of light on the
fly' s-eye.lehs was a Gaussian distribution. Fi gure 13B shows the
distributicon of the intensity of the light &4 a high density pattern in a
case where the reticle conprising a usual chrom um mask is used and in

addi tion the di BBE\:QBEEOQSOL%EESEB‘”PHQ %%éf rtdb ﬁxfsl g&gmgygfl@n@s IS

the distribution shown in Fi gure

di stribution of _t of t he I| n_a high densit.) tt
case where a refl I% W%ﬁ%? w?eﬁhgsg Eﬁﬁ?teﬁg??gﬁﬁ k%ﬂgg gdngﬁd I n
addi tion the distribution of the anount , of |ight on the fly' s-eye | ens was

a Gaussi an d|stPﬁﬁﬁﬂpﬁnltFFbﬁPEg§4ﬁh§h%%kt??k%QMQHQWqﬁmﬁl@ﬁn@feﬁﬁ@spﬁ?en3|ty 
of the light in a
time.

In this example, use is made of an exposure device of
the basic configuration shown in Fig. 11. In the state
where the light is not passed through the filter, the
distribution of the intensity of the light incidént on the
fly’'s-eye lens ﬁsed as the effective light_source is made
the flat distribution of intensity of light shown in Fig.
29.

In this example, the sliding type filter switching
device 97 shown in Fig. 32B, ﬁor example, is disposed at
the light incident side or the light emission side of the
fly’s-eye lens 37 shown in Fig. 11. This filter switching
device 97 is provided with a filter holder 98 which holds
a plurality of types of filters 96a to 96d and can slide
them at a high speed. lThe filter 96a, for example as shéwn
in Fig. 30A, blocks light in a range in a cross-like range
of a width of 0.35 when the outer diameter is 1.0.

When a single totél exposure time is 1 second, in the
initial 0.2 second, all of the filters 96a to 964 are
retracted'in the holder 98 shown in Fig. 32B and exposure
light is not passed through any filter. Next, the filter

96a is slid out instantaneously and the expésure light is



hi gh density pattern in a case where the reticle conprising a phase shift
hal ft one mask was .used and in addition the distribution of the anount of
light on the fly's-eye | ens was the distribution shown in Figs. 10A and

| OB. In"Fi.gs. 13A and 13B and 14A and .14B, the conditions. were a

wavel ength [err] for the exposure |ight of 248 nm a 35 nuneri cal
aperture NA of 0.45, a [err] of 0.7, a ratio of the line width versus the

1, 3 pegadsacntsgutiins el Sesdiiede cbesigeunct pes Gaasand (o

the method of Next, the filter 96a shown in Fig. 32B is slid back into
the holder 98.instantaneously and, simultaneously, the
filter 96b is slide out and the exposure light is passed
through the filter 965 for exposure in the remaining 0.5
second. As a result, as shown in Fig. 33, the distribution -
of the intensity of the light from the effective light
source per single exposure time becomes equal to the
distribution of the iﬁtensity of light of the sum of the
product of the distribution of the intensity of light
shown in Fig. 29 and time and the product of the
distribution of the intensity of light shown in Fig. 30A
and time.

Accordingly, in this example as well, the
distribution of the intensity of 1ight of the light source
can giveualcertain degree of intensity of light at the
center portion of the light source while emphasizing the
two-beam componént and enables enlargeﬁept of the depth of
focus of the dense pattern without affecting isolated
patterns.

In this example, a halftone mask was used as the
mask, but a usual chromium mask can also be used. Further,
the ﬁotal exposure time is not iimited to one second. It
may be made shorter or longer depending on the other

conditions.



the present invention is used, the secondary peak is reduced. The results
shown in Figs. 10A and 10B show the formation of a quadrupole, though
slight, but there is no problemeven if an annular or other shape is
adopted ln the end, it is sufficient so far as the intensity of the center
portion is 0.9 or Iessp preferably 0.8 or Isgss when the maxi numintensity
of the Iight existing at the peripheral portions on the fly' s-eye lens is

defined as 1. (4) AngRxfgsHre2techni que for enlarging the depth of focus,
wi t hout being influenced by the secondary peak, by using a halftone phase

shifting mask and wi Eﬂﬁiﬂblé Phagd i & 'rP@a‘i'u?:’ih EP% gﬁ%ﬂﬁ Sf &g 1

establ i shed by usi-ng the present exanp e present e Ie S
one wherein a d§§i£§gd from the center portion of the effective light

source is lowered by a certain amount relative to the
amount of light emitted from the peripheral portions of
the effective light source by passing light through a
ﬁilter with.a_variable transmittance and performing
exposure while changing the distribution of the light
transmittahce of the filter midway in a single exposure
time.

In this example, use is made of an exposure device of
the basic configuration shown in Fig. 11. In the state
where the light is not passed through the filter, the
distribution of the intensity of the light incident on the
fly’s-eye lens used as the effective light source is made
the flat distribution of intensity of light shown in Fig.
29. |

In this exemple, the optical shutter type optical
material 100 shown in Fig. 32C, for example, is disposed
et the light incident side or the light emission side of
the fly’s-eye lens 37 shown in Fig. 11. This optical
shutter type optical material is for example comprised of
PLZT (lead iireonate titanium dioxide with lanthanum) and
is provided Qith.a plurality of fine electrodes on at

least one side of its substrate. The light transmittance



di stribution of the intensity of the light on the fly's- eye lens in the
present invention is formed when stably transferring a sem conductor device
pattern by using KrF exciner l|ithography using the halftone phase shifting
36 mask. The’procedures of the followng (1) to (3) were carried out. (1)
In the illum nation optical systemof the Kef& exciner |aser stepper shown
in Fig. 11, the | aser beam was divided into four beans by the beam.

splitter. Therebd €hia ﬁaaeredldtﬁaﬁgégtupcsn(Hpﬁrnecaatmnmtomfvdlltgbb Wag

reproduced on the fly' s-eye |l ens by adjusting the opening angle of the

beans and bea”‘%%H%%Eﬁbsd@gﬁﬁnﬁ%§UEﬁ%pQﬁ£ﬁgstaﬁﬁﬁuaplectrodes provided

. on the surface of the optical ﬁate;ial 100, it is possible

to separately control the céntral region 102 and the
peripherél region 104 and possible to instantaneously
block light at just the center portion 102 by apnlying
voltage.

When a single total exposure time is 1 second, in the
initial 0.2 second, the center portion 102 and the
peripheral portion 104 shown in Fig. 32C are made to
transmit light and ;he exposure light is passed through
them. Next, voltage is instantaneously applied to just the
electrodes of the center portion 102 to make the center
portion 102 block light. The exposure light is passed in
this state. As a result, it is possible to obtain similar
results as with Ekémple 10.

Note that it is possible'to obtain various types of
distributions of intensity of light by suitably designing
the shapes of the electrodes forméd on the surface of the
optical material iOO, the intervals of their'arrangement,
and the conditions of application of voltage.

Accordingly, in this example as well, the
distribution of thé intensity of light of the light source
can give'a certain degree of intensity of light at the

center portion of the'light source while emphasizing the



di vided beans. (2) Nanmely, by dividing a beam 42 as shown in Fig. 15A by
the beam splitter 35 shown in Fig. 11 and superposing the resultant beans
by using a prismunit 36 shown in Fig. 11 (refer to Fig. 15B), the desired
di stributi-on of the anount of |ight of the present exanple was reproduced
on the fly's-eye lens. In Fig. 15A, the shapg# of the light source after the
superposition determ ned how nuch the respective beans 42 before the

super posi ti on Weke-Hedit eénigdrich® BhSI §RaBILebovh TatHehbat b il AEPLILLE t O
be nmade at the shorter side direction of the beans. In Fig. 15B, the four

corner portions g3 & tgt déHB@@QéééiﬂﬂnM&ﬁ@%ﬁé&ﬂ?ti%o_i%ttiéw as the
peak parts of the anount of light. At the center portion 44, |ight exists

due to the spreg@gﬁég&g{respective beans, but the anount of light is |ow

In this example, a halftone mask was used as the
mask, but a usual chromium mask can also be used. Further,
the total exposure time is not limited to.éne second. It
may be made shorter or lonéer depending on the other
conditions. -

Example 13

This example is one in which use is made of any of the
multiple exposures shown in Examples 10 to 12 to obtain
the effective light source of the distribution of the
intensity of light shown in Fig. 34B.

Using an effective light source with a low intensity
of light at the center portion, a halftone phase éhifting
mask, and a KrF excimer laser stepper of a numerical
aperture of 0.45, contact hole patterns of inside
diameters of 0.30 um were formed on substrates. As the
resist, use was made of a chemically amplified positive
resist (WKR-PT2). The contact hole patterns were forméd
changing the ratio between the inside diameter of the
contact holes and the intervals between them (duty ratio)
to 1:3, 1:1.5, and 1:1. The results of SEM photographs are
shown in Fig. 34B.

As Comparative Example 8, the same procedure was



The distribution of the amobunt of light on the fly's- 37 eye lens
surface obtained when the beans are superposed by using the present .nethod
is simlar tgo the results shown in Figs. 10A and 10B.. (3) Fromthe above,
in the exanple of the present invention, a shape of a |ight source
enphasi zi ng the oblique incident conponent t®2such an extent that the
secondary peak was not generated was established. Exanple 3 In the

above- descri bed Peafoleed ashén Examphe 13 sleprepdf thee thehfisbuibetsbape
enphasi zi ng the oblique incident conmponent to such an extent that the

secondary of the intensity of light irradiated on the fly’s-eye lens
was made the Gaussian distribution shown in Fig. 34C, to
form contact hole patterns under three sets of conditions.
The results of observation by SEM photoéraphs, performed
in the same way as in Example 13, are shown in Fig. 34B. In
pattérns with densely arranged holes, holes caused by the
seconda:y peak ended up being formed.

Further, as Comparative Example 9, the same procedure
was followed as in Example 13, except that the
distribution of the intensity of the light irradiated on
the le’s—eye lens was made a distribution of an annular
illumination (the intensity of the light at the center
portion of 0), to form a contact hole pattern under three
sets of conditions. The results of examination by SEM
photographs in the same way as in Example 9 are shown in
Fig; 34cC. |

Further, the results of measurement of the depth of
'focus of the isolate pattern in Example 13 and Comparative

' Examples 8 and 9lare shown in Fig. 35. In Example 13, it
was confirmed, a depth of focus equal to the normal
illumination of Comparative Example 13 was secured.

According to the present invention, at the time of a
fabrication of a semiconductor device, even if the mask

pattern is fine, a device pattern can be formed well with



peak is not generated, if the intensity of the light at the center portion
on the fly's-eye lens is set too snmall, the probleminherent in the oblique
i nci dent, exposure nmethod nmentioned above beconmes nore conspi cuous, although
a secondary peak is not generated. The present exanple is one wherein the
lower limt (2 percent) of the intensity of gghe [ight of the center portion’
on the fly's-eye lens is found based on the follomﬁng,optinizatiog: (1) The
influence exerted iR I s r gan en changi ng tfhe
intensity, of tﬁg Iighf%gﬁrfﬁgﬂ%gﬁf%& g%?%?bﬁgo?g?ﬁ%'fly's-eye lens is
shown in Tabl e 38



39 Table 1 shows the change of the depth of focus, line width uniformty,

illum nance, illum nance unevenness, and distortion with a line w dth of
0.35 [err]. In-%he—%abe‘—rhé’ﬁETTTindicated by "overall" is the common

depth of -focus for

se?ghgaps. Nanel y, the values of the depth of
i e the depth4 of focus inportant

focus indicated - el
fabricating an act tor device in which variou Qﬁk§ Lﬁgﬁh&QQEtN
roughness or den5| ¥ and di r ELAIMBtY are cont aijped. E@gﬁ Yers)

Conpar ati ve Exanpl e 1 shoms a conventional exposure mnethod

distribution of the intensity of the light of a Gaussian dlstrlbutlon on
the fly's-eye |l ens

1. A method of pattern formation comprising the
steps of irradiating light from aﬁ effective light source
to a mask, transferring the pattern of the mask onto a
_substfate, and fqrming the pattern on tﬁe substrate,
wherein the amount of light emitted from a center portion
. of said effective light source is lowered by a certain
amount Qith respect to'the amount of light emitted from
the peripheral portions of the effective light source.

2. The method of paﬁtern formation as set forth in
claim 1, wherein the amount of the light emitted from the
center portion of the effective light source is lowered by

2 to 90 percent with.resﬁect to the peak value of the
amoqnt of light emitted frqm the peripheral portions of
the effective light source.

3. The method of pattern formation as set forth in
claim 1 or 2, wherein the mask is a phase shifting mask.

4. The method of pattern formation as set fo;th in
claim 1, wherein the effective light source is a fly’'s eye
lens comprising an assembly of a plurality of lenses.

5. The method.of pattern formation as set forth in
claim 1, wherein the region of the center portion oﬁ said
effective light source where the amount of light is

lowered is a region of 20 to 70 percent of the outer

R )



surface;. Cbnpafafrvg_ﬁiaﬁﬁré“z‘shoms four-p0|nt i1lumnation in the obllque
I nci dent |Iluntnamggﬂa aratlve Exanpl e 3 shows annular... -
i1'lum nation, Exa ﬁy nd D show dept hs of focu_

when usrﬂgASBEEN
di stributi.ons of i

| pGieCED
conponent ‘so that C|dent conpgaent is gradu :
the intensity of the Ilght of the center portion of the fly's-eye lens and

t he probl em pos I [ e e method is not
SESsRs by npc}é;gcr%b e'ffflé%tlw (.tgatm XBQsY

generated. In these Exa the conditions are the sane

excent ]Elhfl‘tsfhe amoune. of hdHheHod %%r&tt% PR 3B LASsLOCSEN Hlane

claim 1, to the peak of the amount of light at the
peripheral portions of said effective light source appears
at a few points at rotary symmetrical positions at the
peripherél portions of the effective light source.

7. The method.of pattern'formation as set forth in
claim 1, wheréin the amount of light incident upon the
center portion of said effective light source is lowered
in relation to the peak value of the amount of light
incident upon the peripheral portions of the effective
light source by using an optical element.

8. The method of pattern formation as set forth in
claim 7, wherein the optical element is a beam splitter
and/or prism lens.

9. &he method of pattern formation as set forth in
claim 1, wherein the mask is a phase shifting mask, the
effective light source is a fly’s eye lens comprising an
assembly of a plurality of lenses, and the amount of light
emitted from a genter bortion of said fly’s eye lens is
lowered by using a beam splitter and/or prism lens.

10. The method of pattern formation as set forth in
claim 1, wherein the amount of the iight incident upon tHe
center portion of the effective light source is lowered

with respect to the peak value of the amount of light

AR O O




eye lens is chamWWSO percent, 30 percent, and 2 percent,
respectively, w ‘L’Iﬁisﬁﬁéﬂ%ﬁheéﬁet he peak value of the peripheral portiess

The overal |l depth acgd [err] in the conventi olf XS
met hod ( Conparati v mmﬂm’ whil e the depth of focus |
the oblique incid n (Conparatgyge Exanple 2) {ian

the annular illumnation (Conparative Exanple 3). Nanely,. where the obl i que
i ncident illum pat.k n I ' ] Walp! b Sadq s
conspi cuous. of f Sartapnt e 20RY Seriph A o Bl i e PRERELI Tl Lont
ortion of a fiye-bar ghart. hbut £l th.of fo c LAk tterns
I(C:I)ue to the al reégyrﬁgn oﬁ%angrobﬁlreﬁmgfﬁlﬁq’l%a % ﬁgagdgpgﬁgﬂleg?gég €.

acency ect; i s not
so great. On the other.h in the intensité. ofttte Ii%ht at the center

_ gnd, .
portion on the FP§ BEEJRIPERL PRREACPRADHAY e center portion:

11. The method of pattern formation as set forth in

claim 4, which lowers the amount of light emitted from the
center por'tion of said fly’s eyé lens relative to the peak -
value of the amount of light emitted from the peripheral
portions of the fly’'s eye lens by using é mechanical
filter having opening portions corresponding to. the
individuél lenses of the fly’s-eye lens and having
diameters of the related opening portions larger at the
peripheral portions relative to the center portion.

iz2. ‘I‘hé method of pattern formation as set forth in
claim 1, which lowers the amount of light incident upon
the center portion of said effective light source relative
to the peak vaiue of the amount of light inc;Ldent upon the
peripheral portions of the effective liéht source by using
an optical element and optical parts arranged so that they
can be made to approach or move away from each other in the
light path axis diréction. |

13. The method of pattern formation as set forth in
claim 12, wherein the optical element is a prism.

14. The method of pattern formation as set fo_rth in
claim 1, which lowers the amount of light emitted from the

center portion of said effective light source relative to

LT




I nci dent conponent—rs—graduaffy—enphas|zed and a distribution of the
intensity of the. VI g,a vertical incident conponent
t he probl em pos I ?ﬂque i nci dent exposure nmgfhoe BQEHDHASBEE

gener at ed, (Exanmp en in the effect of inprovinent nﬁ?ﬁﬂﬁﬁQﬂaou"
of focus at the the five-bar.£hart, an effgpet—>od ovenent
of the depth of focus eqU|vaIent to that by annular |Ilun1nat|on

(Conparative Ex | e i S, obt aj dept h of ) |s
(Comparaty e YRR Gedlotdr B8!Stk dhrichinen 223308k pRhsonetoR he

(Conpar ative Exanple_1). The resul ts_of measurenent of the distribution of
t he peripheral portions of the effective light source by

dividing the beam incident upon said effective light
source to two or more beams, irradiating the two or more
divided beams onto said effective light source by using a
movable mirror, and utilizing the difference in scanning
speed at respective points of the surface of the effective
-light source dependent upon the surface shape of said
movable mirror.

15. The method of pattern formation‘as set forth in
claim 4, wherein the diameters of the individual lens of
the fly’'s eye lens arellarger at the center portion than
the peripheral portions.

16. The method of pattern formation as set forth in
claim 15, wherein, in the fly'’s eye lens, the diameters of
the individual lens at the center portion are made 1.1 to
3 times the diameters of the_individual lenses at the
periphefal portions.

17. The method of pattern formation as set forth in
claim 1, which, when a single exposure time is T, passes
the light through a first filter.with a higher
transmittance at the peripheral portions than the center

" portion.for a time of 0.05 x T to 0.95 x T and passes the
light through a second filter or not passes the light

through any filters in the remaining exposure time,

| HER R RO




intensity of the light on the wafer surface for the af
and C are shBDuaBheatHks Bren Replacddo 19, while those for f{

B!

met hod (.Conpar at | Ml are shown in Fig. 16

to 19, in.conpar Hliconventi onal nethod sho
, L

present Exanpl és , an hel secondarygegeak p coul d be reduced. -
actuality, in the above-described Conparative Exanple 1 and Exanple C, the

di fference of thacr@eyl Ublveripyl ERENBRGEAL VDL BidHIE R @HR kbentaimed on
the surface of the semm conductor wafer is shown 1n Figs. 20A and 20B

Fi 20A i - SeGl | Law: ok s { i
Floure 208 1S orgassoB LALYLEN OL 1B SR SAJUE B Lol nO
ShifUing reck |8 SuHE chi AELNALI O SLALE of COIPYLAL VB STELE 1y e

portions of the effective_light source in just a single

. d Exanpl es A,

exposure time.

18. An apparatus for pattern formation irradiating
light from an effective light source to a mask,
transferring the pattern of the mask onto a substrate, and
forming the pattern oﬁ the substrate, comprising a light
intensity distribution éorrecting means fér lowering the
amount of light emitted from a center portion of said
effective light source by a Cerﬁain amount with respect to
the amount of light emitted from the peripheral portions
of the effective light source.

19. The apparatus for pattern formation as set forth
in claim 18, Qherein the light intensity distribution
correcting means is a means for lowering the amount of the
light emitted from the center portion of the effec;ive

~ light source by 2 to 90 perceht with respect to the peak
value of the amount of light emitted from the peripheral
portionéhof the effective light source.

20. The apparatus for pattern formation as set forth
in claim 19, wherein the mask is a phase shifting mask.

- 21. The apparatus for pattern formation aé set forth

in claim 18, wherein the effective light source is a fly’s

A T




nunerical aperture—of—08-45-As a resist, a chem cal anpli fy| ng type

positive resist_was used Attention was paid to a patter

rough/ dense rat laeed space of 1:1.5. Figure ZGBEISHEEFHASBEEN E
cross-secti onal I r in the case where light || s il IRERLAGER ont
the fly' s-eye adistributioﬁQof t he ano of 11 ght_of

Exanple C, this is used as a secondary |ight source, and a |ine pattern

having a |ine wegieh 1ehnsOcdtpiresihg anagssemnbyy fof rmd:lb:;ralamsagotfheehséétone
phase shifting mask. The other conditions are simlar to the case of Fig.

20A. In the conventiongl n@aidQhCHRA ForVBaEXasR! Eothation as set forth

in claim 18, wherein the regibn of the center portion of
said effective light source where the amount of light is
lowered by the liéht inténsity distribution correcting
means is a region of 20 to 40 percent of the outer diameter.
of the effective light source.

23. The -apparatus for pattern formation as set forth
in claim 18, wherein the peék of the amount of light at the
peripheral portions of said effectiveiliéht source appears
at a few points at rotary symmetrical positions at the
peripheral portions of the effective light source.

24; The apparatus for pattern formation as set forth
in claim 18, wherein the light intensity distriﬁution
correcting means has an optical element which lowers the
amount of 1light incident upon the center portion of the
effective light source in relation to the peak value of
the amount of light incident upon the peripheral pértions
of the effective light source.

25. The apparatus for patte;n formation as set forth
in claim 24, wherein the obtical element is a beam
splitter and/or a prism lens.

26. The apﬁaratus for pattern formation as set forth
in claim 18, wherein thg light intensitf distribution

correcting means has a filter having a high transmittance

-
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the pattern-52—tesufting fromthe secondary peak ends up resolved in

addition to tgles egti}faﬁeeﬁ)ﬁ%ﬁla%gd" portion 50. On the ot hee=haad=—rF—rf

exposure neth the present Exanple C, thﬁ pﬁﬁi&HEEE@ﬁ$§EEN
il | uence by the secondary pélak. AREBLAEEEN jf

preferably for ﬁ&ﬂl HmfﬂI[“
the focus'is d IMi[err], a good pattern 50 its=Formed. Figure 21A

Is a plan view of a sem conductor wafer where a contact hole of 0.3 [err]
is actual |y foreedthg perighehel hebit dmes desyahidt ithe weskernpbfeiosual
illumnation state of the above-described Conparative Exanple 1. The used
exposure device is akrF axed BBpakatas ELLPPEFtOFn o HHNEY 1 6ftla PR ¥heth
0.45. As a resist, a chemcal anplifying type positive resist was used.
Attention was pajd . tt [ Jf / Is 1] Fi gure
218 1's a or ass. SBcrLaith 25 ofBEreRY i RIRHT LR i g eFipheton™ 0T E

' I'lum nat ed Ont%o&@%c&k%gshgggs has a mechanical filter, which mechanical

filter has opening portions corresponding to the
individual lenses of the fly'é—eye lens and has diameters
of the related opening portions larger at the peripheral
portions relative to the center portion.

28. The apparatus for patﬁern formation as set forth
in claim 18, wherein the light intensity aistribution
correctiﬁg means has an optical element and optical parts
arranged so that they can-be made to approach or move away
from this optical element in the light path axis
direction.

- 29. The apparatus for pattern formation as set forth
in claim 28, Qherein the optical element is a prism.

30. The apparatus for pattern formation as set forth.
in claim 18, wherein the light intensity distribution
-correc;ing means further hgs means for dividing the beam
incident upon said effective light source to two or ﬁore
beams, a movable mirror for i;radiating the ﬁwo or more
divided beams onto said effective light source, and scan
means for lowering the amount of light emitted from the
‘center portion of said effective light source_relative Eo

the peak value of the amount of light emitted from the

* [ L M S *




lens with a distribution of the anount of |ight of Exanpl

as a secondary thik Skt IB9HLA Repidfl @ contact hole of 0.30 [¢

e C ;his i's used

1

o Ant aaal | v,
oo~ W @ B W st W e R e

formed hy using I 43 phase shifting mask. The OTHISISHEBTHHAS BAEN
are simlar to JM ﬂﬂwu ﬁ 20A. In the conventional (fet hodREPLACED -

(Conparative Ex
ends up resolved in addition to the desired pattern porti

attern 52a resulting fromtr

on 50a. On the

other hand, in é@?iﬁﬁ@??ﬂrﬁoﬁﬁigﬁg_é%“HHéﬁéﬁiéd%ﬂVQ?1&5%&egbu§éénﬁgeu§in he

pattern 50a is preferably

ormed wi thout influence by the secondary peak.

Also, even if thg focHselandeviRteh il Sdid br 2e9824:RAL! §60nP%ES

the surface of the effective light source dependent upon

the surface shape of said movable mirror.

31. The apparatus for pattern formation as set forth

in claim 21, wherein the diameters of the individual lens
of the fly’'s-eye lens are larger at the center portion as
against the peripheral por;ions.

32. The apparatus for pattern formation as set forth
in claim 31, wherein, in the fly’s-eye lens, the diameters

of the individual lenses at the center portion are 1.1 to

3 times the diameters of the individual lenses at the

peripheral portions.

33. The apparatus for pattern formation as set forth

in claim 18, wherein the light intensity distribution

correcting means also has

a first filter with a higher transmittance at

the peripheral portions than the center portion and

a switching means for switching between a state

passing light through the first filter for

a single

exposure time and a state performing exposure without

passing through the first filter.

34. The apparatus for pattern formation as set forth

in claim 33,'which further has a second filter with a

distribution of transmittance different from the first

UL



formed. Figures 22A and 22B show the effect of inprovenent of the depth of
focus with a II%IS\Shd:tHaS(BkeIfR Beeflerr] . The used exposure device 3K
exci ner ,l aser ste rical aperture of 0.45. As -ﬁﬁg§ﬁ%§ﬁHAaBEtN _
chem cal anplifyi ve resist was used. Attentijjo waﬁtpaué'Do
patterns having a roug dense rati;o of line;yersus space d et =31

When a hal ftone phase shifting nask was not used and the . conventi onal
(Conpar ati ve Ex 1 [ S t I n the
oo aye Fens BoEbEr bnt ShLBYI L0 Rl td BagRthkoln Bhe) S80nAT 0%,
obtained. On th her t he exposure nethod accardin

present exanpl egt%&rdé&ﬂf%fst'r%%%sp%lffoan@ﬁeeﬁa B S AN PR o
times this, is obtained. Note that,_although it has been al ready nenti oned,
when t he dlstrlEDFPBHhth?hélrﬁFe%%l¥?rof t he

35. The apparatus for pattern formation aé set forth
in claim 33 ér 34, wherein the switching means has a
rotary disk on which at least the first filter is mounted
and a drive means for driving the rotation of the rotary
disk. : |

36. The apparatus for pattern fofmation as set forth

in Elaim 33 or 34, wherein the switching means has at
slide mechanism enabling at least the first filter to move
slidably.

37. The épparatus fér pattern formation as set forth
in claim 33 or 34, wherein the switching means has an

- 'optical shutter type optical material whose transmittance
of light changes according to the voltage applied.

38. A method of production of a semiconductor device
comprising the steps of irradiating light from an
effective light source to a mask, transferring the pattern
of the mask onto a substrate, and forming the pattern on
the substrate, wherein the amount of 1ight'emittéd ffom a
center portion of said effective light source is lowered
by a certain amount witﬁ respect to the amount of light
emitted from the peripheral portions of the effective

light source.

* [ L M S *



44 |ight on the cohventional fly' s-eye | ens and the hal ftone phase shifting

mask are coanm aah Rﬁ cédesul ting fromthe secondary peak ends up.
resol ved, and ng is not achieved. According to the present
exanple C, i hat the depth of focus coullg_pe—em

wi t hout |nfluence he secondary peak and7gi thout a | ga

the design of the nask by using a hal ftone phase shifti u_____i___
shown in Table 1, thegl | umdanasmdd Idﬂiﬁtraahbeaoauwuwsé:ﬁlém 2

30 percent in conparison wth the conventional nethod (Conparative
device as set forth in claim 38, wherein the amount of the
light emitted from the center portion of the effective
light source is lowered by 2 to 90 percent with respect to
the peak value of the amount of light emitted from the
peripheral portions of the effective light source.

40. The method.of production of a semiconductor
device as set forth in claim 38, wherein the mask is é
phase shifting mask.

41. The method of production of a semiconductor
device as set forth in claim.38, wherein the effective
light source is a fly's.eye lens comprising an assembly of
a plurality of lenses.

42. The method of production of a semiconductor
device as set forth in claim 38, wherein the region of the
center portion of said effective light source where the
amount of light is lowered is a region of 20 to 40 percent
of the outer diameter of the effective light source.

43. The method of production of a semiconductor
device as set forth in claim 37, wherein the peak of the
amount of light at the peripheral portions of said
effective light source appears at a few points_ét rotary
symmetrical positions at the peripheral portions of the
effective light source.

44. The method of production of a semiconductor

) 0 W




Exanpl e 1) when using the oblique incident illum nation (Conparative

Exampl e 2) et hdbisSheealkn BeaRepladedm nat i on ( Conparati ve r&&l—e__.’g‘l met hod.

On the other hand nt Exanples A to D, an il [FUTHIBYMEET HAS BEEN

(i |l umi nati on out is Ee;
|

| o about 10 percent is enofigh. MeepoyNEEp ¢
unevenness of illumnation um:nati on uni’for m ty) det Ss—t

5 percent if the oblique incident nmethod (Conparative Exanple 2) or the
annul ar il uni nateéwircereshset( Comphr ani vkaimaifi aldrein trdved amounsi“dér i ng
the sensitivity of the resist, the line width varies due to the unevenness

of illum nation.1i@nht h.@ld?ﬁdiﬁ'ft hpot, thiecaehberegorpien of sadial pideatiive

i nvention are used, the unevenness of illumnation is the sane degree as

with the light source is lowered in relation to the peak value of
the amount of light incident upon the peripheral portions
of theleffective light source by using an optical element.

45. The method of production of a semiconductor
device as set forth in ciaim 44, wherein the optical
element is a beam splitter and/or prism lens.

46‘. The method of production of a'éemiconductor
device as set forth in claim 38, Qherein_the amount'of the
light incident upon the center portion of the effedti&e
iight source is lowered with respect to the peak value-of
the amount of light incident at the peripheral portions of
the effective light source by using a fiiter having a high
transmittance at the peripheral portions as against the
center portion.:

47. The method of production of a semiconductor
device as set forth in claim 41, which lowers the amount
of light emitted from the qenter po;tion of said fly’s eye
lens relative to ﬁhe peak value of the amount of light
emitted from the peripheral portions of the fly’s eye lens
by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly'’s-eye
lens and having diameters of the related opening portions

larger at the peripheral portions relative to the center

—____—________________,_'_'_.
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45 conventional method, So there is no adverse influence by the present

I nvention. (3) Wen d ity at the peripheral portions of
the fly' s-eye |ens as? ﬁe&%émgﬁ that with a distribution of

intensity -giving an int center portion rcent .
preferably 20 percent were ndbe of tjnerHns@pice Aﬁ?lgg ‘Ied by

t he oblique incident exposure nethod, that is, the ncrea;g;@L
adj acency ef f ecpodttddro t he reduction of the effect :
| owering of the illum nance, increase of the illum nance unevenness

| owering of the exposg.e rmyegmethadsbfopgodntt i6ACSE i Sl dRlRaRY i Ci ty,
etc. Nanely, it is learned that a distribution of the intensity of the

light on the fl¥e3riQ%L alsCBetNBYLEE BnVeIdik A, M ideNnt oweHROPRB! afbust
percent, preferably about

r\nllr f\Q

of light incident upon the center portion of said
effective light source relative-to the peak _value of the
amount of light incident upon l';he peripheral portions of
the effective light source by using an optical element and
obticai parts arranged so that they can be made to
approach or move away from this prism in the light bath
axis direction.

49. The method of production of a sen‘\iconduc_tor
device as set forth in cléim 48, wherein the optical
element is a prism.

50. The method of production of a semiconductor
device as set forth in claim 38, which lowers the amount
of light emitted from the center portion of said effective
light source relative to the peak value of the‘ amount of
light emitted from ehe peripheral portions of the
effective 1ight source by dividing the beam incident upon
said effective light source to two. or more beams,
irradiating the two or more divided beams onto said
effective light source by using a movable mirror, and
utilizing the difference in scanning speed. at respeetive
points of the surface of the effective light source

dependent upon the surface shape of said movable mirror.

AN R




t hat, acgcording
intensity -of th distribution of the intensjlty of FEHAGERNt o
the fly's-eye lens was 100, by setting the T@tensity of The i ght of The =<
center portion to 2 to 90 percent, preferably 20 to 80 percent, no
secondary peak was géfer afMhe methbed dEsproduttbon ff ttheemiothduatensity of
the light on the wafer surface and there were none of the problens inherent

in the oblique Wagidenhs set forth in claim 41, wherein the diameters of

20 percent or nore, | [ e | e so as not to cause the probl ens possessed
by the obli que‘“fl ]E)ee"ﬁ, 'ia@%e nmet hod. (4) It was foun| ;
El | m“ nd the present exanpl e,  whign'RIASHREL HARBEEN

the individual lens of the_fly'% eve lens are larger at
the center portion than the periphéral portions.

52. The method of production of é semiconductor
deviée as set forth in claim 51, wherein, in the fly’s eye .
leﬁs, the diameters of the individual lens at the center
portion are made 1.1 to 3 times the diameters of the
individual lenses at the peripheral portions.

53. The method of production of a semiconductor
device as set férth in claim 38, which, when a single
exposure time is T, passes the light through a first
filter with a higher tranémittance'at the peripheral
portions than the center portion for a time of 0.05 x T to
0.95 x T and passes the light through a second filter or
not passes the light th;ough any filters in the remaining
exposure gime, therebj lowering the amount of light from
the center portion of the efféctive'light source relative
to the peak value of the amount of light emitted from the
peripheral portions of the effective light source in just

a single exposure time.
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exposure nmethod. The results shomn I n the present exanple are results

obt ai ned by usThis axkﬁ&ﬁ | aser stepper, but the -tehave————
generality and as they are to conventiqg aHMySHSEﬂH@Sﬁﬁﬁ@‘snd
RERLPEED

i -rays as wel|. n be preferably used al sc
future ArF eXC|ner ot her wavel en@tzhs. Exanple=—2—FF
exanple is one mhereln the deS|red distribution of the intensity of the
light on a fly' RI¢ FORMATITN ANDVBRTHOD ARD!APPERATYS \EORg an
absorption type or reflection type filter nmounted on the fly's-eye lens
when stably transigsiicPeoN tfr 3€SENe PONBURTTORC PEVECRAUEERE SNTH MG
hal ft one phase ShrTtrng mask. ITn the (TTumnatlon optlcal systemol (he
st epper, when defining the distribution of the intensity of the.

ABSTRACT OF THE DISCLOSURE

A pattern formation method and method and apparatus
for production of a semiconductor device using that method
which irradiate light from a iight source to a phase
shifting mask through a fly’s-eye lens comprised oflan
assembly of a plurality of lenses, transfer the pattern of
the phase shifting mask onto the substrate, and form the
péttern on the substrate, wherein the amount of light made
ingcident upon the center portion of the fly’s-eye lens is
lowered by 2 to 90 percent, preferably 10 to 90 percent,
further breferebly 20 to 80 percent or 20 to 60 percent,

relative to the amount of light incident upon the

peripheral portion of the fly's—eye lens.

Figure 6



l'ight imrediately before the light is incident upon the fly's-eye | ens 37
shown in Fig. 23 as [err] (x, y), the desired distribution of the intensity
of the Il,ight, ,can be obtained by .attaching an absorption or reflection type
filter having a transmittance T (X, y) to the position inmediately before
or after the light is incident on the fly' s-eye lens. Nanely, a filter '
havi ng a different 47 transmttance for each position was obtai ned by
vapor- depositing a semi-transparent filmto the surface of a grotind
materi al such as of synthetic quartz. Note, the coordinate systemon the

fly' s-eye lens surface is made (X, Yy). 1/32
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Due to the above, a state of the |ight source which enphasizes an oblique

i nci dent conponent to such an extent that a secondary peak is not generated
and does. not .have any of the problens inherent .in the oblique incident
exposure method was established. Exanple 5 The present exanple is one
wherein the desired distribution of the amount of light is forned on the -
fly's-eye lens surface by usi.ng a nechanical filter 60 as showmn in Fig. 24
when stably transferring a sem conductor device pattern by using & halftone
phase shifting mask. In the distribution of the intensity of the |ight

i mmedi ately before the light is incident @32 the fly's- eye lens, in the
case of .a so-called "Gaussian distribution™ illumnation where the center

portion has a strong intensity of TEet kg?f, i:fe;gk pl ate provided with
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openi ngs- having a size the sane extent as that of the individual fly's-eye
| enses for the.peripheral region in which the oblique incident conponent
shoul d be emphasi zed and havi ng gradual snaller openings than that of the
48 individual fly' s-eye lenses toward the center region is inserted

i mredi ately before the fly's-eye lens so that the distribution of the
intensity of the light imedi ately after the transm ssion through the

fly' s-eye | ens becones the desired distribution of the intensity df the
light. Note that, in the case of a so-called "flat" illum nation where the
di stribution of the intensity of the light imediately before the light is
i nci dent upon

3/32




the fly's-eye lens is flat, a netal plate provided wth openings having a
size the sane extent to that of the individual fly' s-eye |l enses for the
region in which the oblique incident conmponent should be enphasized having
smal | er openings than that of individual fly' s-eye | enses at the center
portion where the intensity of the light should be lowered is inserted

I mredi ately before the fly's-eye lens so that the distribution of the
intensity of the light imediately after the transm ssion through the
fly' s-eye | ens becones the desired dlstr|%1320n of the intensity of the
light. Due to the above, a state o ght ur e whi ch enphasi zes an
obl i que i ncident conponent to such 1 secondary peak is not

generated and does not have any of t “ﬁg§+kﬂ9erent in the oblique
I nci dent exposure nethod was estqyéh/p l%OLE RATTERN
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Exanpl e 6 49 The present exanple is one wherein the desired distribution
of the intensity of the light on the fly's- eye lens in the present
inventiqn is,obtained by attaching a pyramd prismor a conical prismin
the interior of the illum nation system which has not been divided in the
| ight path, when stably transferring a sem conductor device pattern by
using a hal ftone phase shifting mask. It is also possible use these prisns
alone or to use a prism70 integral with a optical part 72 having“a shape
fitting the same as shown in Fig. 25. Were used integrally, when the
exposure nmethod according to the present invention is

5/32
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used, the desired distribution of the intensity of the light on the

fly' s-eye lens is obtained by maki ng the ‘di stance between the prism 70 and
the optical part 72 having a shape fitting the sane variable. Mreover, in
the formation of a pattern by using usual illumnation as well, use may be
made of a prismand an optical part 72 having a shape fitting the sane ‘
attached cl osely together. Nanely, a zoom function is given by either- of
the prism70 or the optical part 2 having a shape fitting the sanme*“and the
zoom function is controlled by input fromthe console side. Due to the
above, a state of the light source which § Easizes an obl i que incident
conponent to such an extent that a second p§ peak is not generated and does
not have _ '
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50 any of the problens inherent in the oblique incident exposure nethod was
establ i shed. Exanple 7 The present exanple is one wherein, when stably
transferring.a sem conductor device pattern by using a hal ftone phase
shifting mask, the light path is divided into two or nore paths, the
illumnation light is irradiated onto the fly' s-eye lens by using a
vibration mrror having a concave surface or a rotating polygonal mrror in.
i ndi vi dual |ight paths, and use is nade of the difference of the sScanning
speed at the surfaces of points of the fly's-eye | ens dependi ng upon the
shape of the mrror surface so as to control the oblique incident conponent
and vertical incident conponent through the

7/32
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entire exposure tine and control the distribution of the deffracted |ight
at the nmask. Note, the scanning directions when using the two or nore

di vi ded beans are nmade orthogonal. Note that the scanning speed was
control’l ed by synchronizing the sane with the resist exposure tine. Due to
the above, a state of the |light source which enphasizes an oblique incident
conponent to such an extent that a secondary peak is not generated and does

not have any of the problens inherent in the oblique incident exposure
met hod was est abl i shed. 51 Exanple 8
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This exanple is one in which the intensity of the |'ight at the center
portion of the fly's-eye lens is made 30 percent relative to that of the
peri pheral portions as in Exanple C of the above Exanple 3 when
transferring a nenory cell pattern using a halftone phase shifting nask.
The distribution of the intensity of the light is the sane as the

di stribution shown in Figs. 10A and 10B. The exposure device used was the
one shown in.Fig. 11. More specifically, use was nade of a KrF exci ner

| aser stepper of a nunerical aperture of 0.45. Further, as the resist, use
was made of a chemcally anplified positive resist (WKR-PT2). An outline of
the nmenory cell pattern obtained by this exposure is shown in Fig. 26. One
cell is constituted by a pair of gate el &43¥bdes 80a and 80b. Consi dering
the fact that the nmenory cells are densely arranged no matter

FIG. 9A FIG. 9B
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what the position on the wafer, cell numbers were given in order fromthe

end and the critical

di nensi ons of the pattern of one electrode in a cell,

for exapple,.the left side gate el ectrode 80a, were neasured. The

vari ati ons

in the critical
As Conparative Exanple 4,

except that the distribution of 52 thf%(géensmy of light

the fly's-eye I ens was nade the Gaussi an

forma nenory

same way as

in
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di mensions in Exanple 8 are shown in Fig. 27A
the sane procedure was perforned as in Exanple 8,

irradi ated on

ribution shown in Fig. 12C, to

cg therrldh results of neasurenent, performed in the
in



Fig. 27B. As Conparative Exanple 5, the sane procedure was performed as in
Exanpl e 8, except that the distribution of the intensity of |ight

irradiated on the fly' s-eye |l ens was made an annular illum nation
distribution (the intensity of the light at the center portion of 0), to
forma nenory cell pattern. The results of neasurenent, perforned in the
sane ‘way as in Exanple 8, are shown in Fig. 27C. In Exanple 8, i{ was
confirmed that the variations in critical dinmensions were greatly reduced

conmpared with Conparative Exanple 5 of ag%3§Pnular illum nation. Further,
in Conparative Exanple 4, while there IMittle variation in the critical

di nensi ons, the effective |ight source was a conventional Gaussian

distribution one, so there was the chance of occurrence of a secondary peak
and
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the depth of focus was small. Exanple 9 This exanple is one in which the
intensity of the light at the center portion of the fly' s-eye lens is nade
30 percent relative to that of the peripheral portions as 53 in Exanple
C of the above Exanple 3 when transferring a 0.30 [err] inside dianeter
contact hole pattern using a hal ftone phase shifting mask. The distribution
of the intensity of the light is the sane as the distribution shown in

Fi gs. 10A and 10B. The exposure device used was the one shown in Fi'g. 11.

More specifically, use was made of a KrF exciner |aser stepper of a
nunerical aperture of

12/32
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0.45. Further, as the resist, use was nade of a chemcally anplified
positive resist (WKR-PT2). Patterns were formed under conditions of a best
focus, a.-1.0.[err] defocus, and a +1.0 [err] defocus for patterns of
rati os of the inside diameter of the contact holes and the intervals
between them (duty ratio) of 1:3, 1:1.5, and 1:1. That is, patterns were
formed for nine sets of conditions. SEM phot ographs of the contact hole
patterns obtained under these nine sets of exposure conditions are “shown
all together in Fig. 28A. As illustrated, 18/3&s confirned that contact
hol e patterns can be excellently fornmed even:if the duty ratios differ or
w th defocusing. As Conparative Exanple 6, the sanme procedure was perforned
as in Exanple 9, except that the distribution of the intensity of |ight

irradiated on the fly's-eye | ens
FIG. I3A
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was made the Gaussian distribution shown in Fig. 12C, to form.contact hole
patterns. The results of observation by 54 SEM phot ogr aphs, perforned in
the sane way as in Exanple 9, are shown in Fig. 28B. In patterns with
densely arranged hol es, holes caused by the secandary peak ended up being
formed. As Conparative Exanple 7, the same procedure was perforned as in
Exanpl e 9, except that the distribution of the intensity of |ight
irradiated on the fly's-eye | ens was made; gpsgnnul ar illum nation _
distribution (the i'ntensity of the light at"the center portion of 0), to
formcontact hole patterns. The results of observation by

FIG. 14A
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SEM phot ographs, perfornmed in the sane way as in Exanple 9, are shown in
Fig. 28B. Wile there was no problemat the tinme of the best focus, good
hol es coul d not be forned at the tine of defocusing. Exanple 10 Exanple 10
is one in which the amount of the light emtted fromthe center portion of
the effective light source is |lowered by a certain anount relative to the
amount of light emtted fromthe peripheral portions of the effective |ight
source by passing light through a first filter with a higher transmttance
at the peripheral .portions as agai nst t heé XSt er portion for a tine of 0.05
x Tto 0.95 x T, when .a single exposure tinme is T, and not passing it

through the filter in the renmini la@surleSiﬁ.
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55 In this exanple, use is nade of an exposure device of the basic
configuration shown in Fig. 11. In the state where the light i's not passed
through the fidter, the distribution of the intensity of the |ight incident
on the fly's-eye lens used as the effective light source is nmade the flat

di stribution of intensity of light shown in Fig. 29. In this exanple, the
rotary disk type filter switching device 90 shown in Fig. 32A, for exanple,
is disposed at the light incident side or the |ight em ssion side of the
fly' s-eye lens 37 shown in Fig. 11. This filter switching device 90 is
conprised of the rotary disk 92 and a rota8/3five shaft 94 for driving the

| FIG. 16
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rotary disk 92 has fornmed on it, along the peripheral direction, a light
transmtting opening 95, a filter 96, and other filters. The filter 96, for
exampl e as shewn in Fig. 30A, blocks light in a range of 0.5 fromthe
center portion when the outer diameter is 1.0. Wien a single total exposure
time is 1 second, in the initial 0.2 second, the exposure light is passed

t hrough the opening 95 shown in Fig. 32A, then the rotary disk 92 is
rotated i nstantaneously and the exposure light is passed through the filter
96 for exposure in the remaining 0.8 second.- As a result, as shown in Fig.
31, the distribution of the intensity of jthgdight fromthe 56

FIG. I7
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effective |light source per single exposure tine becones equal to the
distribution of the intensity of light of the sum of the product of the
distribution af the intensity of light showmn in Fig. 29 and tine and the
product of the distribution of the intensity of |light showm in Fig. 30A and
time. Accordingly, in this exanple as well, the distribution of the
intensity of light of the |ight source can give a certain degree of,
intensity of light at the center portion of the |light source while
enphasi zi ng t he two-beam conponent and enabl es enl argenent of the depth of
focus of the dense pattern without affect®hdisolated patterns. In this
exanpl e, a halftone nmask was used as the nmask, but a usual chrom um mask
can al so be used. Further, the total exposure tinme is not limted to one

| FIG. 18
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may be made shorter or |onger depending-on the other conditions. Exanple 11
Exanple 11 is one in which the anmount of the light emtted fromthe center
portion of the effective light source is |lowered by a certain anount
relative to the amount of light emtted fromthe peripheral portions of the -
effective |light source by passing the Iight through a first filter with a
hi gher transmttance at the peripheral - 57 portions as against the center
portion for a tine of 0.05 x Tto 0.95 x T, when a single exposure tine is
T, and not passing it through the filter iglsge remai ni ng exposure

FIG. 19
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time. In this exanple, use is made of an exposure device of the basic
configuration shown in Fig. 11. In the state where the light is not passed
t hrough the fislter, the distribution of the intensity of the |ight incident
on the fly's-eye lens used as the effective Iight source is made the flat
distribution of intensity of light shown in Fig. 29. In this exanple, the
sliding type filter switching device 97 shown in Fig. 32B, for exanple, is
di sposed at the light incident side or the |ight em ssion side of the
fly's-eye lens 37 shown in Fig. 11. This ppl/ger sw tching device 97 is
provided with a filter hol der 98 which holds a plurality of types of
filters 96a to 96d and can slide themat a high speed. The filter 96a, for
exanpl e as shown in Fiqg. E?OA bIocks light in a range |n a Cross- I|ke range
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of a wwdth of 0.35 when the outer dianeter is 1.0. Wen a single total
exposure tine is 1 second, in the initial 0.2 second, all of the filters
96a to 96d-aresretracted in the holder 98 shown in Fig. 32B and exposure
light is not passed through any filter. Next, the filter 96a is slid out

I nstant aneously and the exposure light is 58 passed through the filter
96a for exposure for 0.3 second. Next, the filter 96a shown in Fig. 32B is
slid back into the holder 98 instantaneousby ,gad, simltaneously, the
filter 96b is slide out and the exposure light is passed through the filter

96b for exposure in the remaining 0.5 second. As a result, as shown in Fig.
33, the distribution '
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of the intensity of the light fromthe effective |ight source per single
exposure time becones equal to the distribution of the intensity of |ight
of the sum of, the product of the distribution of the intensity of |ight
shown in Fig. 29 and tinme and the product of the distribution of the :
intensity of light shown in Fig. 30A and tinme. Accordingly, in this exanple
as well, the distribution of the intensity of light of the light sgurce can
give a certain degree of intensity of light at the center portion of the

|i ght source while enphasizing the two- beaﬁ?déﬁponent and enabl es’

enl argenment of the depth of focus of se p t hout affecting
I sol ated patterns. In this exanple, rr%kﬁa&sed as the mask,
but a usual chrom um mask can al so be us FUrt
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the total exposure tine is not limted to one second. It may be nade
shorter or |onger depending on the other conditions. 59 Exanple 12
Exanple 12 is*one in which the amount of the light emtted fromthe center
portion of the effective |light source is |owered by a certain anount
relative to the amount of light emtted fromthe peripheral portions of theé
effective light source by passing light through a filter wwth a vari able
transmttance and perform ng exposure while changing the distribution of
the light transmttance of the filter nidw@y/é; a single exposure

FIG. 23
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time. In this exanple, use is made of an exposure device of the basic
configuration shown in Fig. 11. In the state where the light is not passed
t hrough the filter, the distribution of the intensity of the |light incident
on the -fly's-eye lens used as the effective light source is made the flat -
di stribution of intensity of light shown in Fig. 29. In this exanple, the
optical shutter type optical material 100 shown in Fig. 32C, for exanple,
is disposed at the light incident side or the light em ssion side of the
fly's-eye lens 37 shown in Fig. 11. This optical shutter type optical
material is for exanple conprised of PLZT (lead zirconate titani um dioxide
with anthanum) and is provided with a plgzﬁbgty of fine electrodes on at

| east one side of its substrate. The |ight™t'ransm ttance

T2




60 of this material changes upon application of voltage. By suitably

desi gning the shapes of the el ectrodes provided on the surface of the
optical material 100, it is possible to separately control the central
region 102 and the peripheral region 104 and possi ble to instantaneously

bl ock Iight at just the center portion 102 by applying voltage. Wen a
single total exposure tinme is 1 second, in the initial 0.2 second, .the
center portion 102 and the peripheral portion 104 shown in Fig. 32C are
made to transmit |ight and the exposure light is passed through them Next,
voltage is instantaneously applied to jusasygg

FIG. 26
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el ectrodes of the center portion 102 to nake the center portion 102 bl ock
i ght. The exposure light is passed in this state. As a result, it is
possible to obtain simlar results as-with Exanple 10. Note that it is -
possible to obtain various types of distributions of intensity of |ight by
sui tably designing the shapes of the electrodes formed on the surface of
the optical material 100 the interval s of 26#8%r arrangenent, and the

condi tions of caﬁgg ?ﬁhvoLtage. Accordingly, in this exanple‘as wel |,
t he dlstrlbutlo S|ty of light of the Iight source can give a
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61 two-beam conponent and enabl es enl argenent of the depth of focus of the
dense pattern without affecting isolated patterns. In this exanple, a
hal ft one mask mas used as the mask, but a usual chrom um mask can al so be
used. Further, the total exposure tine is not limted to one second. It may
be made shorter or |onger depending on the other conditions. Exanple 13
This exanple is one in which use is made of any of the nmultiple exposures
shown in Exanples 10 to 12 to obtain the e5§?§£ive | i ght source of fhe

di stribution of the intensity of light showm'Tn Fig. 34B. Using an
effective light source with a low intensity of ligif® at the center portion,
a hal ftone phase shifting !

EXAMPL]
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mask, and a KrF exciner |aser stepper of a nunerical aperture of O0.45,
contact hole patterns of inside dianeters of 0.30 [err] were formed on
substrates. As the resist, use was made of a chemically anplified positive
resi st (WKR-PT2). The contact hole patterns were fornmed changing the ratio
bet ween the inside dianeter of the contact holes and the intervals between
them (duty ratio) to 1:3, 1:1.5, and 1:1. The results of SEM phot ographs
are shown in Fig. 34B. As Conparative Exggy% 8, the sane procedure® was

62 perforned as in Exanple 13, except. th e distribution of the

intensity of light irradiated on t hrlly'G- eégns
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was nmade the Gaussian distribution shown in Fig. 34C, to formcontact hole
patterns under three sets of conditions. The results of observation by SEM
phot ographs, perfornmed in the same way as in Exanple 13, are shown in Fig.
34B. In patterns with densely arranged hol es, hol es caused by the secondary
peak ended up being formed. Further, as ng?g ative Exanple 9, the sane
procedure was followed as in Exanple. 13, %)t that the distribut ia_on of
the intensity of the light irradi t HEZ f6-cye | ens was nade a
distribution of an annular illum ﬁﬂo@(ot [legm ty of the light at the
center portion of 0), to forma contact hole pattern under three sets of

conditions. The results of exam nation by SEM phot ographs in the sane way
as in Exanple 9 are-shown in Fig.ugfﬁﬁ: Fufther, .the results of neasurenent

of the depth of C')
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focus of the isolate pattern in Exanple 13 and Conparative Exanples 8 and 9
are showmn in Fig. 35. In Exanple 13, it was confirmed, a depth of focus
equal tq the,normal illumnation of Conparative Exanple 13 was secured.
According to the present invention, at the tine of a fabrication of a

sem conductor device, even if the mask pattern is fine, a device pattern
can be formed well wth 63 a necessary sufficient depth of focus. 64
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VWhat is clainmed is: 1.

A nethod of pattern formation |owers the ampunt

of light emtted fromthe center portion of an effective |ight source
rel ativesto the peak value of the anpbunt of light emtted fromthe

peri pher al

portions of the effective light source by dividing the beam
I nci dent upon said effective |light source to two or nore beans,

i rradiating

the two or nore divided beans onto said effective |ight source by using a

novable mrror,

upon the surface shape of said novable mrror. 2.

and utilizing the difference in scanning speed at
respective points of the surface of the

ive |ight source depéndent

The nethod of pattern

formation as set forth in claiml, which,  when a single exposure tine is T,

passes the Iightztcﬁrough a fi

at the peripherd® Hortions tha?@lh]e] 1ccglnt\éwr |oI i@nQ oL a |mdi%zbbé;8‘b
to. 0.95 x T{a ses the light through a p ozg bltﬁédﬂ N Qacses Q@
i ght throu ArE &i lters in [ heyremghni ngCexXpostr et iMe,~ tihe 0 r@
t he anmount OY Iig frofthe penter portion tdhe @f igcion Vv g%t sg%e '
relative to gak #EBme of | the anount of|Ifight enitted flrdit @)
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effective light source in just a single exposure tine. 3.
for pattern formation wherein the light intensity distribution correcting
means fyrth has nmeans: for dividing the beam i ncident upon said effective
I'i ght source ™6 two or nore beams, a novable mirror for irradiating the two
or nore divided beans onto said effective |ight source, and scan nmeans for

| owering the anmount of light emitted fromthe center portion of said
effective light source relative to the peak value of the amount of |ight
emtted fromthe peripheral portions of the effective |light source by using
the difference in scanning speed at reSﬁgfé%¥e poi nts of the surface of the
effective |light source dependent upon t face shape of said novabl e
mrror. 4. The apparatus for pattern formation as set forth in claim 3,
wherein the light intensity distribution correcting neans also has a first
filter wth a higher transmttanc ' ' Ot he
center portion and atsw tchi'ng neans for swi tching between a stat¥ passing
light through the figst filter for a single exposureotinme and a sfate
perform ng exposur.e W thout passing through theAfirst filter.
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65 5.
rther

filter
ter.

or 5, mhereln the swi tching means has a rotary disk}

The apparatus for pattern

fu has
fromest he flrst

|n t he
fil .

ormptiop-—as—set in claim4, which
g)_fx_. I\t i f t
S gy

ﬁ e tﬂ-"LTA(IEm pass t t
ﬁgmi@% g

Fses th
he apparatus for pattern for@étion a<
the

first filter is npunted and a drive means for drivi 'mFﬁ?ﬁFTﬁh he
rotary disk. 7. Qéﬁﬁﬂﬁapparatus for pattern formati on as set forth in
claim4 or 5, mherein t he smﬁtching means has at slide nechani sm enabling

at Ieaet the fir %h %51{91n8¥e .qggtmﬁo§mat1 he & qhatus forsgﬁtte;nof

formati on as set
shutitrerradlﬁﬁalnmt |1aaihtrratfepmalam\h@s?éect1ve light source to a mask,

opti cal

H

a|n14 erern e sw

transferring the pattern of the mask onto a substrate, and
forming the pattern on the substrate, wherein the amount of light
emitted from a center portion of said effective light source is

" lowered by 2 to 90 percent with respect to the amount of light

emitted from the peripheral portions of the effective 1light
source.

2. The method of pattern formation as set *‘forth in claim
1, wherein the mask is a phase shifting mask.

3. The method of pattern formation as set forth in claim
1, wherein the effective light source means a fly ‘s eye lens
compriging an assembly of a plurality of lenses and irradiating

the effective light by passing a light through the fly’s eye
lens.

4. The method of pattern formation as set forth in claim
1, wherein the region of the center portion of said effective
light source where the amount of light is lowered is a region of
20 to 70 perceﬂt of the outer diameter of the effective light
source.

5. The method of pattern formation as set forth in claim 1,
to the peak of the amount of light at the peripheral portions of
said effective light source appears at a few points at rotary

" symmetrical positions at the peripheral portions of the effective

light source.

6. The method of pattern formation as set forth in claim 1,

whefeip'the amount of light incident upon the center portion of

A i



transntttance'of | i ght changes a Q.
thod of ﬂfhlsﬂueaﬂasﬂeeoﬁmcsdam ¥ devicg Towells_the amount Light

te hmet e o R e Eﬂuﬁﬁﬂ&‘?'ﬁﬂﬂe¥t 0

,D the voltage applied. 9. A

nt of | emtted fromthe Erlp eral porti
of the effective |I1ght source by dividing &%he beantln,ldgdz jun“ggﬁg ______
effective |ight source to two or nDre beans, |rrad|at[EE_L "\ '
di vi ded beans, nt sai d effec ht sour ce usi ng .a nbvable il rror,
and utilisi ﬁalghg eFFéT"Sn&elgq ;eé@rﬁld 5P di Nt %fp??\]é
surface of vhéueffeftitle | agbunsounﬁe]d@pﬁndéntldenn hhﬁxsuthacepéhﬂpﬁeﬁél
sai d novabl . 30 d r of..0 em.c uct
device as s tgk 9% P# gpgiéggFgﬁgggelggh?nggﬁ%E% Byshgggalghsggg

di anet er ofeﬂﬁ@enﬁdividual | ens at the center portion are nade 1.1 to 3
times the dianmeters of the individual |enses at the peripheral portions.
11. The met hod _of ﬁroductlon of a sem conductor device as set forth in
claim9, which, WhehP§ BPhEPe ekRpkiern ifrrmatipn asssed £REER {Rtciaivugh
a first fil whereihhthe opthbtal relrambnt dace dar e lidrtgihand/ opopti sMS1éhan
the center portion

8. The method of pattern formation as set forth in claim 1,
wherein the mask is a phase shifting mask, the effective light
source is a fly’s eye lens comprising an assembly of a plurality
of lenses, and the amount of light emitted from a center portion
of said fly’s eye lens is lowered by using a beam splitter and/or
pfism lens.

9. The method of pattern formation as set forth in claim 1,
wherein the amount of the light incident upon the center portion
of the effective light source is lowered with respect to the peak
value of the amount of light incident at the peripheral portions
of the effective light source by using a filter having a high
transmittance at the peripheral portions as against the center

portion.

10. The method of pattern formation as set forth in claim
3, which lowers the amount of light emitted from the center
portion of said fly’s eye lens relative to the peak value of the
amount of light emitted from the peripheral portions of the fly’s
eye lens by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly’s-eye lens and
having diameters of the related opening portions larger at the
peripheral portions relative to the center portion.

_ 11. The method of pattern formation as set forth in claim
1, which lowers the amount of light incident upon the center

A



for atinme of 0.05 x Tto 0.95 x T and p

filter or S cenReplacednt ¢ hr ough—am LI
exposure ti I m ﬂ ri ng tihepgere f r orf) REBLACEVMENT S615E o
of the effec rce rella

e pealk—val udg| of t a n f
light emtted fromthe peripheral l\ger FoTISo®T t he effectq @@t%x-ZegﬁﬁﬁfS?@st
a single exposure tine. 66 portion of said effective it source - '
relative to the peak value of the amount of |ight incident upon the
peri pheral POrtiionsoffsahe effeetive Jidht sevaceerByativagtatpiiasd value
el enent and o#pithedlamamits of Nag®ed igeikdhat Upey e¢ae beripterhl PRREQAGE OF
nove away frgg%gafg ogher In Qf Iiﬂht pat h axi, s directiﬁn. 1. The netho
of pattern f&FnetFbRchEvEet hSPHEERaIRY 18510 erd nOPhd Bpt i THF b

is a prism optical parts arranged so that they can be made to approach or

move away from each other in the light path axis direction.
L 3
12. The method of pattern formation as set forth in claim
11, wherein the optical element i's a prism.

13. The method of pattern formation as set forth in claim
1, which lowers the amount of light emitted from the center
portion of said effective light source relative to the peak value -
of the amount of light emitted from the peripheral portions of
the effective light source by dividing the beam incident upon
said effective light source to two or more beams, irradiating the
two or more divided beams onto said effective light source by
using a movable mirror, and utilizing the difference in scanniﬁg
speed at respective points of the surface of the effective light
source dependent upon the surface shape of said movable mirror.

14. The method of pattern formation as set forth in claim
3, wherein the diameters of the individual lens of the fly’s eye
lens are larger at the center portion than the peripheral
portions.

15. The method of pattern formation as set forth in claim
14, wherein, in the £fly‘’s eye lens, the diameters of the
individual lens at the center portion are made 1.1 to 3 times the
diameters of the individual .lenses at the peripheral portions.

16. The method of pattern formation as set forth in claim
1, which, when a single exposure time is T, passes the light
through a first filter with a higher transmittance at the
peripheral portions than the center portion for a time of 0.05

R
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12. The net hodm{ssi;ggttﬁagg&nngﬂgggal on as

t he” anmount of . om t he ce' 1 H
source relative EMN MME U'HI ue of th " Se—=H-00 .
peripheral porti ective |ight=—soautcd " di vi Rﬁﬂnim; Stz |

i nci dent upon said effective |ight source £ two or nore by , ir adlaflﬁ%T
the two or nore divided beams onto said effective Iight sa

bl I he d ff ST
fospective doi e ol et chrad Bafres 1 i, SR o Beelng
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| ens of the S eye ens are | center portion
peri pher al p%ﬁrt-t‘r%myormonrﬁé kBe fwtb\a@tlémm @W&ﬁeoﬁe&gtw@ torihe peak

claim 13, WhesBid.of RhehamblitSofyEidin emitthedE2oRt €hé périgkeral portions

of the effective light source in just a single exposure time.

17. An apparatus for pattern formation irradiating light
from an effective 1light source to a mask, transferring the
pattern of the mask onto_a substrate, and forming the pattern on
the substrate, comprising a light intensity distribution
correcting means for lowering the amount of light emitted from
a center portion of said effective light source by 2 to 90
percent with respect to the amount of light emitted from the
peripheral portions of the effective light source. '

18. The apparatus for pattern formation as set forth iﬁ
claim 17, wherein the mask is a phase shifting mask.

19. The apparatus for pattern formation as set forth in
claim 17, wherein the effective light source means a fly’'s eye

lens comprising an assembly of a plurality of 1lenses and

irradiating the effective light by passing a light through the
fly's eye lens.

20. The apparatus for. pattern formation as set forth in
claim 17, wherein the region of the center portion of said
effective light source where the amount of light is lowered by
the light intensity distribution correcting means is a region of
20 to 40 percent of the outer diameter of the effective light
source.

21. The apparatus for pattern formation as set forth in
claim 17, wherein the peak of the amount of light at the
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tpfereby | owpreirigpHera lapmutticofs ldfglaifd efifidut isentldghtosbuseeoappears at a
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a singl e expoenfieons mf the effective light source.

I ndi vidual |ens at the center portlon are

22. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means has an optical element which lowers the amount of light
incident upon the center portion of the effective light source
in relation to the peak value of the amount of light incident
upon the peripheral positions of the effective light source.

23. The apparatus for pattern formation as set forth in
claim 22, wherein the optical element is a beam splitter and/or
a prism lens.

24. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means has a filter having a high transmittance at the peripheral
portions as against the center portion.

25. The apparatus for pattern formation as set forth in
claim 19, wherein the light intensity distribution correcting
means has a mechanical filter, which mechanical £filter has
opening portions corresponding to the individual lenses of the
fly’s-eye lens and has diameters of the related opening portions
larger at the peripheral portions relative to the center portion.

26. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means has an optical element and optical parts arranged so that
they can be made to approach or move away from this optical
element in the light path axis direction.

27. The apparatus for pattern formation as set forth in

s
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.16. An a or pattern formation jrradiating light froman effective

Irght SOUFQﬁ\ Hgﬁ@&na reedsferrin ﬁgﬁ iﬁmﬂsgézﬂ e mask onto a

substrate, | pattern ) eﬁs ﬁ@EQte ciprLd sbk.og .2, 1 ?.!
intensity dr \g ectr ng mizas—fer Hhe amount of Tront |
emttedfrom rtion of said effesgrvelrght_>% QJUE ’

percent with respect to the anount of light emitted fr é%e“ﬁeFTﬁher§$
portions of the effective light source; and the mask is a phase shrftrng
mask. 17. Thelappa?at u&hémilpath@rwpttmarhtebemmtsm 4 gprdsmn cl ai m 16,
wherein the effective Iight source neans a fly's eye |lens conprising an
assenbly of a plurality of lenses and irradiating the effective Iight by
passing a |ight t#%oughe. eRPamAFUs &ar | pasteys. fprmagppar Asussetor fpatherdin

formati on ascEeimf o hwherelal KL, 19418 eintéheiteouaBLefibhbeocheiirecting

portion of SaJéLs further has means for dividing the beam incident upon said

effective light source to two or more beams, a movable mirror for
irradiating the two or more divided beams onto said effective
light source, and scan means for lowering the amount of light
emitted from the center portion of said effective light source
‘relative to the peak value of the amount of light emltted from
the peripheral portions of the effective light source by using
the difference in scanning speed at respective points of the
surface of the effective light source dependent upon the surface
shape of said movable mirror.

29. The apparatus for pattern formation as set forth in
claim 19,-wherein the diameters of the individual lens of the
fly’s-eye lens are larger at the center portion as against the
peripheral portions. '

30. The apparatus for pattern formation as set forth in
claim 28, wherein, in the fly’s-eye lens, the diameters of the
individual lenses at the center porfion are 1.1 to 3 times the
diameters of the individual lenses at the peripheral portions.

31. The apparatus for pattern formation as set forth in
claim 17, wherein the light intensity distribution correcting
means also has

"a first filter with a higher transmittance at the peripheral
portions than the centéer .portion and

a switching means for switching between a state passing
light through the first filter for a single exposure time and a
state performing exposure without passing through the first
filter.
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of transmittance different from the first filter and causes the
light to pass through the second filter in the state performing
exposure without passing through the first filter.

33. The apparatus for pattern formation as set forth in
claim 31 or 32, wherein the switching means has a rotary disk on
which at least the first filter is mounted and a drive means for
driving the rotation of the rotary disk.

34. The apparatus for pattern formation as set forth in
claim 31 or 32, wherein the switching means has at slide
mechanism enabling at least the first filter to move slidably.

35. The apparatus for pattern formation as set forth in
claim 31 or 32, wherein the switching'means has an optical
shutter type optical material whose transmittance of 1light
changes according to the voltage applied.

36. A method of production of a semiconductor device
comprising'the.steps of irradiating light from an effective light
gource to a mask, transferring the pattern of the mask onto a
substrate, and forming the pattern on the subtsrate, wherein the
amount of light emitted from a center portion of said effective
light source is lowered by 2 to 90 percent with réspect.to the
amount of light emitted from the peripheral portions of the
effective light source.

37. The method of production of a semiconductor device as
set forth in claim 36, wherein the mask is a phase shifting mask.

38. The method of production of a semiconductor device as

set forth in claim 36, wherein the effective light source means
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’ method of production of a semiconductor device as
set forth in claim 36, wherein the region of the center portion
of said effective light source where the amount of light is
lowered is a region of 20 to 40 percent of the outer diameter of
the effective light source. |

40. The method of production of a semiconductor device as
set forth in claim 35, wherein the peak of the amount of light

" at the peripheral portions of said effective light source appears

at a few points at rotary symmetrical positions at the peripheral
portions of the effective light source.

41. The method of production of a semiconductor device as
gset forth in claim 36, wherein the amount of light incident upon
the center portion of said effective light source is lowered in
relation to the peak value of the amount of light incident upon
the peripheral portions of the effective light source by using
an optical element.

42. The method of production of a semiconductor device as
set forth in claim 41, wherein the optical element is a beam
splitter and/or prism lens.

43. The method of production of a semiconductor device as
set forth in claim 36, wherein the amount of the light incident
upon the center portion of the effective light source is lowered
with respect to the peak value of the amount of light incident
at the peripheral portions of the effective light source by using
a filter having a high transmittance at the peripheral portions
as against the center portion.
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e cen er portion Orf sdid fly’s eye lens relative to the
peak value of the amount of light emitted from the peripheral
portions of the fly’s eye lens by using a mechanical filterx
having opening portions corresponding to the individual lenses
of the fly’s-eye lens and having diameters of the related opening
portions larger at the peripheral portions relative to the center
portion. '

45, The method of production of a semiconductor device as
set forth in claim 36, which lowers the amount of light incident
upon the center portion of said effective light source relative
to the peak value of the amount of light incident upon the
peripheral portions of the effective light source by using an
optical element and optical parts arranged so that they can be
made to approach or move away from this prism in the light path
axis direction. '

46. The method of production of a semiconductor device as
set forth in claim 45, wherein the optical element is a prism.

47. The method of production of a semiconductor device as
gset forth in claim 36, which lowers the amount of light emitted
from the center portion'of gsaid effective light source relative
to the peak value of ‘the amount of 1light emitted from the
peripheral portions of the effective light source by dividing the
beam incident upon said effective light source to two or more
beams, irradiating the two or more divided beams onto said
effective light source by using a movable mirror, and utilizing
the difference in scanning speed at respective points of the
surface of the effective light source dependent upon the surface
shape of said movable mirror. -
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49. The method of production of a semiconductor device as
set forth in claim 48, wherein, in the fly’s eye lens, the
diameéers of the individual lens at the center portion are made
1.1 to 3 times the diameters of the individual lenses at the
peripheral portions.

50. The method of production of a semiconductor device as
set forth in claim 36, which, when a single exposure time is T,
passes the 1light through a first filter with a higher
transmittance at the peripheral portions than the center portion
for a time of 0.05 x T to 0.95 x T and passes the light through
a second.filter or not passes the light through any filters in
the remaining exposure time, thereby lowering the amount of light
from the center portion of the effective light source relative
to the peak value of the amount of light emitted from the
peripheral portions of the effective light source in just a
single exposure time.
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PRODUCTION OF A SEMICONDUCTOR DEVICE USING SAID METHOD

ABSTRACT OF THE DISCLOSURE

A pattern formation method and methoa and apparatus
for production of a semiconductor device using that method
which irradiate light from a light source to a phase
shifting mask through a fly’s-eye lens comprised of an
assembly of a plurality of lenses, transfer the pattern of
the phase shifting mask onto the substrate, and form the
pattern on the substrate, wherein_the amount of light made
incident upon the center portion of the fly’s-eye lené is
lowered by 2 to 90 percent, prefefably 10 to 90 percent,
further preferably 20 to 80 percent or 20 to 60 percent,
rela;ive to the amount of light incident upon the

peripheral portion of the fly’s-eye lens.

Figure 6
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pattern on the subtsrate, wherein the
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The method of pattern formation as set forth in claim 1, wherein the

effective light source means a fly’s eye lens comprising an assembly of a

plurality of lenses and irradiating the effective light by passing a light'
through the fly’s eye lens.

The method of pattern formation as set forth in claim 1, wherein the region
of the center portion of said effective light source where the amount of

light is lowered is a region of 20 to 70 percent of the outer diameter of the

‘effective light source.

The method of pattern formation as set forth in claim 1, to the peak of the
amount of light at the peripheral portions of said effective light source
appears at a few points at rotary symmetrical positions at the peripheral
portions of the effective light source.

The me;hod of pattern formation as set forth in claim 1, wherein the
amount of light incident upon the center portion of said effective light

.source is lowered in relation to the peak value of the amount of light

incident upon the peripheral portions of the effective light source by using

an optical element.

The method of pattern formation as set forth in claim 5, wherein the optical

element is a beam splitter and/or prism lens.

The method of pattern formation as set forth in claim 1, wherein the mask

is a phase shifting mask, the effective light source is a fly’s eye lens
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the fly's eye lens. 36. The.nethod o a sem canduct or
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effective |ight sourcemiiRlSrda RARY portin 61‘&5& fly'S eye lens is lowered by using a

beam splitter and/or prism lens.

8. The method of patterh formation as set forth in claim 1, Wherein the
amount of the light incident upon the center portion of the effective light
source is lowered with respect to the peak value of the amount of light
incident at the peripheral portions of the effective light source by using a
filter having a high transmittance at the peripheral portions as against the

center portion.

0. The method of pattern formation as set forth in claim 2, which lowers the
amount of light emitted from the center portion of said fly’s eye lens
relative to the peak vaiue of the amount of light emitted from the peripheral
portions of the fly’s eye lens by using a mechanical filter having opening
portions corresponding to the individual lenses of the fly’s-eye lens and
having diameters of the related opening portions larger at the peripheral
portions relative to the center portion. '

10.  The method of pattern formation as set forth in claim 1, which lowers the
amount of light incident upon the center portion of said effective light
source relative to the peak value of the amount of light incident upon the
peripheral portions of the effective light source by using an optical element
and optical parts arranged so that they can be made to approach or move

away from each other in the light path axis direction.

11.  The method of pattern formation as set forth in claim 10, wherein the

optical element is a prism .

12. The method of pattern formation as set forth in claim 1, which lowers the

amount of light emitted from the center portion of said effective light
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of production of a sem'conductor device as set rth in claima3 vvherel n
the optical el enent insidenbupon said effectivedigiit sourge bostwo enmore beams, irradiating

the two or more divided beams onto said effective light source by using a
movable mirror, and utilizing the difference in scanning speed at respective
points of the surface of the effective light source dependent upon the
surface shape of said movable mirror. |

13.  The method of pattern formation as set forth in claim 2, wherein the
diameters of the individual lens of fly’s eye lens are larger at the center
portion than the peripheral portions.

14.  The method of pattern formation as set forth in claim 13, wherein, in the
fly’s eye lens, the diameters of the individual lens at the center pbrtion are

made 1.1 to 3 times the diameters of the individual lenses at the peripheral
portions.

15.  The method of pattern formation as set forth in claim 1, which, when a
single exposure time is T, passes the light through a first filter with a
higher transmittance at the peripheral portions than the center portion for
a time of 0.05 x T to 0.95 x T and passes the light through a second filter
or not passes the light through any filters in the remaining exposure time,
thereby lowering the amount of light from the center portion of the
effective light source relative to the peak valtxe of the amount of light

emitted from the peripheral portions of the effective light source in just a
single exposure time.

16.  An apparatus for patiern formation irradiating light from an effective light
source to a mask, transferring the pattern of the mask onto a substrate, and
forming the pattern on the substrate, comprising a light intensity

distribution correcting means for lowering the amount of light emitted from
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peri pheral portions ofa témer portioneofesdid effectivelligitosourceebp 2te 0 perbere rwith
respect to the amount of light emitted from the peripheral portions of the
effective light source.

17.  The apparatus for pattern formation wherein the effective light source
means a fly’s eye lens comprising an assembly of a plurality of lenses and
irradiating the effective light by passi light through the fly’s eye lens.

18.  The apparatus for pattern formation as set forth in claim 16, wherein the
region of the center portion of said effective light source where the amount
of light is lowered by the light intensity distribution corfecting means is a
region of 20 to 40 percent of the outer diameter of the effective light
source.

19.  The apparatus for pattern formation as set forth in claim 16, wherein the

peak of the amount of light at the peripheral portions of said effective light

" source appears at a few points at rotary symmetrical positions at the
peripheral portions of the effective light source.

20.  The apparatus for patterri formation as set forth in cléim 16, wherein the
light intensity distribution correcting means has an optical element which
lowers the amount of light incident upon tile center portion of the effective
light source in relation to the peak value of the amount of light incident
upon the peripheral posiﬁons of the effective light source.

21.  The apparatus for pattern formation as set forth in claim 20, wherein the
optical element is a beam splitter and/or a prism lens.

22.  The apparatus for pattern formation as set forth in claim 16, wherein the
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25.

'f’hieg:pptpanea%st o%%attem formation as set forth in claim 17, wherein the
light intensity distribution correcting means has a mechanical filter, which
mechanical filter has opening portions corresponding to fhe individuals
lenses of the fly’s-eye lens and has diameters of the related opening

portions larger at the peripheral portions relative to the center portion.

The apparatus for pattern formation as set forth in claim 16, wherein the
light intensity distribution correcting means has an optical element and
optical parts arranged so that they can be made to approach or move away
from this optical element in the light path axis direction.

The apparatus for pattern formation as set forth in claim 24, wherein the

~ optical element is a prism.

27.

The apparatus for paﬁem formation as set forth in claim 16, wherein the
light intensity distribution correcting means further has means for dividing
the beam incident upon said effective light source to two or more beams,
a movable mirror for irradiating the two or more divided beams onto said
efféctive light source, and scan means for lowering the amount of light
emitted from the center portion of said effective light source relative to the
peak value of the amount of light emitted from the peripheral portions of
the effective light source by using the difference in scanning speed at
respective points of the surface of the effective light source dependent upon-
the surface shape of said movable mirror. |

The apparatus for pattern formation as set forth in claim 17, wherein the
diameters of the individual lens of the fly’s-eye lens are larger at the center
portion as against the peripheral portions.

% ¢ L M. § =*



fromthe center portion of said effe '[- g

d ﬁ@sﬁiEA :@f SHEET

val'ue of the arrUl‘JrstShea‘tHhsIE;:h{R Aitddt ed g L
ng t pfin sai Te
E’}m, irr adrat—o—tne 1 O__M] Q%ﬁge\

effective light s ﬁlmuﬂg
sour ce by ussg]g a [TDVb .............................

| i ght source to t

beans onto said e

utilizing the dlfference in scanni ng speed at respective points of the
surface of the effective |ight source dependent upon the surface shape of

said novable mrr 11111 117211 1111111211111 .73.45. . The, nef hod
of producti on of Sh-sertESARIHER TercRATEER Tmelion s e orth IBICHIR 32, VHERe ik
the dianmeters of the i Ny’diést lens, the diameters of the individual lenses at the center

portion are 1.1 to 3 times the diameters of the individual lenses at the

l
e—1H-++1+-OF—a -

peripheral portions.

29.  The apparatus for pattern formation as set forth in claim 16, wherein the
light intensity distribution correcting means also has a first filter with a
higher transmittance at the peripheral portions than the center portion and
a switching means for switching between a- state passing light through the
first filter for a single exposure time and a state perfofming exposure
without passing through the first filter.

30. The apparatus for pattern formation as set forth in claim 29, which further
has a second filter with a distribution of transmittance different from the
first filter and causes the light to pass through the second filter in the state
performing exposure without passing through the first filter. '

31.  The apparatus for pattern formation as set forth in claim 29 or 30, wherein
the switching means has a rotary disk on which at least the first filter is
mounted and a drive means for driving the rotation of the rotary disk.

32.  The apparatus for pattern formation as set forth in claim 29 or 30, wlierein
the switching means has at slide mechanism enabling at least the first filter

to move slidably.

33.  The apparatus for pattern formation as set forth in claim 29 or 30, wherein
the switching means has an optical shutter type optical material whose
transmittance of light changes according to the voltage applied.

34. A method of production of a semiconductor device comprising the steps of

irradiating light from an effective light source to a mask, transferring the
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35. The method of production of a semiconductor device as set forth in claim
34, wherein the mask is a phase shifting mask.

36. The method of production of a semiconductor device, wherein the region
of the center portion of said effective light source where the amount of

light is lowered is a region of 20 to 40 percent of the outer diameter of the
effective light source.

37. The method of production of a semiconductor device as set forth in claim
33, wherein the peak of the amount of light at the peripheral portions of
said effective light source appears at a few points at rotary symmetrical
positions at the peripheral portions of the effective light source.

38.  The method of production of a semiconductor device as set forth claim 34,
wherein the amount of light incident upon the center portion of said
effective light source is lowered in relation to the peak value of the amount

of light incident upon the peripheral portions of the effective light soufce
by using an optical element.

39. The method of production of a semiconductor device as set forth in claim

38, wherein the optical element is a beam splitter and/or prism lens.
40.  The method of production of a semiconductor device as set forth in claim

34, wherein the amount of the light incident upon the center portion of the
effective light source is lowered with respect to the peak value of the
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forth in claim38, wherein the anobunt of the l[ight incident upon the center

portion of the effectameunt of light incident at the peripheral portions of the effective light
source by using a filter having a high transmittance at the peripheral

portions as against the center portion.

41. The method of production of a semiconductor device as set forth in claim
36,. which lowers the amount of light emitted from the center portion of
said fly’s eye lens relative to the peak value of the amount of light emitted
from the peripheral portions of thé fly’s eye lens by using a mechanical
filter having opening portions corresponding to the individual lenses of the
fly’s-eye lens and having diameters of the related opening portions larger
at the peripheral portions relative to the center portion.

42.  The method of production of a semiconductor device as set forth in claim
34, which lowers the amount of light incident upon the center portion of
said effective light source relative to the peak value of the amount of light
incident upon the peripheral portions of the effective light source by using
an optical element and optical parts arranged so that they can be made to
approach or move away from this prism in the light path axis direction.

43.  The method of productiom of a semiconductor device as set forth in claim
42, wherein the optical element is a prism.

44. The method of production of a semiconductor device as set forth in claim
34, which lowers the amount of light emitted from the center portion of
said effective light source relative to the peak value of the amount of light
emitted from the peripheral portions of the effective light source by
dividing the beam incident upon said effective light source to two or more
beams, irradiating the two or more divided beams onto said effective light
source by using a movable mirror, and utilizing the difference in scanning
speed tit respective points of the surface of the effective light source
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to the individual lenses of the fly' s-eye |I&ns and having di aneters of the

rel ated openi ng portions | arger at the peripheral portions relative to the
center ‘ -

dependent upon the surface shape of said movable mirror.

45. The method of production of a semiconductor device as set forth in claim
36, wherein the diameters of the individual lens of the fly’s eye lens are
larger at the center portion than the peripheral portions.

46. The method of production of a semiconductor device as set forth in claim
45, wherein, in the fly’s eye lens, the diameters of the individual lens at
the center portion are made 1.1 to 3 times the diameters of the individual
lenses at the peripheral portions. '

47.  The method of production of a semiconductor device as set forth in claim
34, which, when a single exposure time is T, passes the light through a
first filter with a higher transmittance at the peripheral portions than the
center portion for a time of 0.05 x T to 0.95 x .T and passes the light
through a second filter or not passes the light through any filters in the
remaining exposure time, thereby lowering the amount of light from the
center portion of the effective light source relative to the peak value of the
amount of light emitted from the peripheral portions of the effective light

~ source in just a single exposure time.
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CLAIMS

1. A method of pattern formation comprising the steps of

irradiating light from an effective 1light source to a mask
transferring the pattern of the mask onto a substrate and
forming the pattern on the substrate, wherein the amount of light
emitted from a center portion of said effective light source is
lowered by 2 to 90 percent with respect to the amount of light
emitted from the peripheral portions of the effective light
source ; and the mask is a phase shifting mask.

2 . The method of'pattern formation as set forth in claim
1, wherein the effective light source means a fly ‘s eye lens
comprising an assembly of a plurality of lenses and irradiatinj

the effective llght bv' pass1ng a llght through the fly s eye
lens.

3 . The method of pattern formation as set forth in claim
1, wherein the region of the center portion of said effective
light source where the amount of light is lowered is a region of

20 to 70 percent of the outer diameter of the effective light
source.

4. The method of pattern formation as set forth in claim 1
to the peak of the amount of light at the peripheral portions of
said effective light source appears at a few points at rotary

symmetrical positions at the peripheral portions of the effective
light source.

5 . The method of pattern formation as set forth in claim 1

wherein the amount of light incident upon the center portion of

* [ L M 5. *



device as set forth in claim38, which Iomers t he anou

fromthe cm T‘ﬁﬁ shur ce
val ue of the ann g&mRs htq e ﬂHéﬁ°$¥&§ g per pher g portlons of 4
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beans onto sa |ght source by using a novable mrror, and
utilizing the dlfference i n scanni ng spe at respective points of the
surface of the effective |ight source dependent upon the surface shape of
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value of the amount of light incident upon the peripheral

portions of the effective light source by using an optical
element.

6 . The method of pattern formation as set forth in claim s

wherein the optical element is a beam splitter and/or prism lens

7 . The method of pattern formation as set forth in claim 1
wherein the mask is a phase shifting wmask, the effective light
source is a fly’s eye lens comprising an assembly of a plurality
of lenses, and the amount of light emitted from a center portion

of said fly’s eye lens is lowered by using a beam splitter and/or
prism lens.

8 . The method of pattern formation as set forth in claim 1

wheréin the amount of the light incident upon the center portion

" of the effective light source is lowered with respect to the peak
value of the amount of light incident at the peripheral portions
of the effective light source by using a filter having a high

transmittance at the peripheral portions as against the center
portion.

9 . The method of pattern formation as set forth in claim

which lowers the amount of 1light emitted from the center
portion of said fly’s eye lens relative to the peak value of the
amount of light emitted from the peripheral portions of the fly’'s
eye lens by using a mechanical filter having opening portions
corresponding to the individual lenses of the fly’s-eye lens and

having diameters of the related opening portions'larggr at the
peripheral portions relative to the center portion.

2

10. The method of pattern formation as set forth in claim
1, which lowers the amount of light incident upon the center
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device as set forth in claim41l, wherein the diameters of the individua

|l ens of the fly's eye lens are larger at the center portion than the
péri pheral portions. 52. The nethod of production of  .a

| i
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met hod of production of a sem conductor 86vice as set forth in cIa|n138,
whi ch, when a single exposure tinme is T, passes the light through a first
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optical parts arranged so that they can be made to approcach or

move away from each other in the light path axis direction

11. The method of pattern formation as set forth in claim
10, wherein the optical element is a prism.

12. The method of pattern formation as set forth in claim
which lowers the amount of light emitted from the center
portion of said effective light source relative to the peak value
of the amount of light emitted from the peripheral portions of .
the effective light source by dividing the beam incident upon
said effective light source to two or more beams, irradiating the
two or more divided beams onto said effective light source by
using a movable mirror, and utilizing the difference in scanning
speed at respective points of the surface of the effective light
source dependent upon the surface shape of said movable mirror

1,

13. The method of pattern formation as set forth in claim
2., wherein the diameters of the individual lens of the fly’'s eye

lens are larger at the center portion than the perlpheral.
portions.

‘14, The method of pattern formation as set forth in claim

13, wherein, in the fly’'s eye lens, the diameters of the

individual lens at the center portion are made 1.1 to 3 times the
diameters of the individual .lenses at the peripheral portions

15. The method of pattern formation as set forth in claim

1, which, when a single exposure time is T, passes the light
‘through a £first filter with a higher transmittance at the

peripheral portions than the éenter portion for a time of 0.05

-
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the center portion of the effective light source relative to the peak val ue
of the anobunt of light emtted fromthe peripheral portions of the
effective light source in just a single exposure tine.
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Xx T to 0.95 x T and passes the light through a second filter or
not passes the light through any filters

in the remaining
exposure time,

thereby lowering the amount of light from the
center portion of the effective light source relative to the peak
value of the amount of light emitted from the peripheral portions
of the effective light source in just a single exposure time.

.16 . An apparatus for pattern formation irradiating light

from an effective light source to a mask, transferring the
pattern of the mask onto a substrate, and forming the pattern on

the substrate, comprising a 1light intensity distribution
correcting means for lowering the amount of light emitted from

a center portion of said effective light source by 2 to 90
percent with respect to the amount of light emitted from the
peripheral portions of the effective light source; and the mask
is a phase shifting mask.

17. The apparatus for pattern formation as set forth in
claim 1§, wherein the effective light source means a fly’s eye
lens comprising an assembly of a plurality of lenses and

irradiating the effective light bv passing a light through the
fly’s eye lens.

18-

The apparatus for pattern formation as set forth in
claim 16,

wherein the region of the center portion of said
effective light source where the amount of light is lowered by
the light intensity distribution correcting means is a region of

20 to 40 percent of the outer diameter of the effective light
sourxce.

19.- The apparatus for pattern formation as set forth in

claim 316, wherein the peak of the amount of light at the

N
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peripheral portions of said effective light source appears at a

few points at rotary symmetrical positions at the peripheral
portions of the effective light source.

'20. The apparatus for pattern formation as set forth in

claim 16 , wherein the light intensity distribution correcting
means has an optical element which lowers the amount of light
incident upon the center portion of the effective light source
in relation to the peak wvalue of the amount of light incident
upon the peripheral positions of the effective light source.

21 . The apparatus for pattern formation as set forth in

claim 20, wherein the optical element is a beam splitter and/or
a prism lens.

22.. The apparatus for pattern formation as set forth in
claim 16, wherein the light intensity distribution correcting

means hds a filter having a high transmittance at the peripheral
portions as against the center portion.

23. The apparatus for pattern formation as set forth in

claim 17, wherein the light intensity distribution correcting

means has a mechanical filter, which wmechanical filter has

opening portions corresponding to the individual lenses of the
fly’s-eye lens and has diameters of the related opening portions
larger at the peripheral portions relative to the center portion.

24. The apparatus for pattern formation as set forth in
claim 16, wherein the light intensity distribution correcting
means has an optical element and optical parts arranged so that

they can be made to approach or move away from this optical
element in the light path axis direction.

25 . The apparatus for pattern formation as set forth in
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claim 24 , wherein the optical element is a prism.
26 . The apparatus for pattern formation as set forth in
claim 16,

wherein the light intensity distribution correcting
means further has means for dividing the beam incident upon said
effective light source to two or more beams, a movable mirror for

irradiating the two or more divided beams onto said effective
light source, and scan means for lowering the amount of light

emitted from the center portion of said effective light source
relative to the peak value of the amount of light emitted from
the peripheral portions of the effective light source by using
the difference in scanning speed at respective points of the

surface of the effective light source dependent upon the surface
shape of said wovable mirror.

27 . The apparatus for pattern formation as set forth in

claim 17., wherein the diameters of the individual lens of the

fly's-eye lens are larger at the center portion as against the
peripheral portions.

28 - The apparatus for pattern formation as set forth in

claim 27, wherein, in the fly’s-eye lens, the diameters of the
individual lenses at the center portion are 1.1 to 3 times the
diameters of the individual lenses at the peripheral portions.

29.. The apparatus for pattern formation as set forth in
claim 16 , wherein the light intensity distribution correcting
means also has '

a first filter with a higher transmittance at the peripheral
portions than the center portion and

a switching means for switching between a state passing
light through the first filter for a single exposure time and a

state performing exposure without passing through the £first
filter.

I
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30 . The apparatus for pattern formation as set forth in

claim 29, which further has a second filter with a distribution
of transmittance different from the first filter and causes the
light to pass through the second filter in the state performing
exposure without passing through the first £ilter.

31. The apparatus for pattern formation as set forth in
claim 29 or 30, wherein the switching means has a rotary disk on

which at least the first filter is mounted and a drive means for
- driving the rotation of the rotary disk.

‘32. The apparatus for pattern formation as set forth in

claim 29 or 30, wherein the switching means has at slide

mechanism enabling at least the first filter to wmove élidably.

33. The apparatus for pattern formation as set forth in

claim 29. or 30, wherein the switching means has an optical

shutter type optical material whose transmittance of 1light
changes according to the voltage applied.

34. A wmethod of production of a semiconductor device
comprising the steps of irradiating light from an effective light
source to a mask, transferring the pattern of the wmask onto a
substrate, and forming the pattern on the éubtsrate, wherein the
amount of light emitted from a center portion of said effective
light source is lowered by 2 to 90 percent with respect to the
amount of light emitted from the peripheral portions of the

effective lightlsource-

¢ and the mask is a phase shifting mask.

35 . The method of production of a semiconductor device as

set forth in claim'34, wherein the effective light source means

-
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a fly’s eye lens comprising an assembly of a plurality of lenses

and irradiagins the_effective 1i8ht bY Dassing a Light throush
the fly’s eye lens.

36. The method of production of a semiconductor device as
set forth in claim 34 ; ‘wherein the region of the center portion
of said effective light source where the amount of 1light is

lowered is a region of 20 to 40 percent of the outer diameter of
the effective light source.

37. The method of production of a semiconductor device as
set forth in claim 33, wherein the peak of the amount of light
at the peripheral portions of said effective light source appears

at a few points at rotary symmetrical positions at the peripheral
portions of the effective light source.

38 .- The method of production of a semiconductor device as

set forth in claim 34, wherein the amount of light incident upon
the center portion of said effective light source is lowered in
relation to the peak value of the amount of light incident upon

the peripheral portions of the effective light source by using
an optical element.

39 . The method of Qroduction of a semiconductor device as

set forth in claim 38., wherein the optical element is a beam
splitter and/or prism lens.

~40. The method of_p;oduction of a. semiconductor device as
set forth in claim 34, wherein the amount of the light incident
upon the center portion of the effective light source is lowered
with respect to the peak value of the amount of light incident
at the peripheral portions-of the effective light source by using

a filter having a high transmittance at the peripheral portions
as against the center portion.
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41- The method of production of a semiconductor device as
set forth in claim 35, which lowers the amount of light emitted
from the center portion of said fly’s eye lens relative to the
peak value of the amount of light emitted from the peripheral
portions of the fly’s eye lens by using a wmechanical filter
having opening portions corresponding to the individual lenses
of the fly’s-eye lens and having diameters of the related opening

portions larger at the peripheral portions relative to the center
portion.

42- The method of production of a semiconductor device as
set forth in claim 34, which lowers the amount of light incident
upon the center portion of said effective light soufce relative
to the peak value of the amount of light incident upon the
peripheral portions of the effective light source by using an
optical element and optical parts arranged so that they can be

made to approach or move away from this prism in the light péth
axis direction.

43 . The method of production of a semiconductor device as
set forth in claim 42,. wherein the optical element is a prism.

44 . The method of production of a semiconductor device as
set forth in claim 34, @which lowers the amount of light emitted
from the center poréion of said effective light source relative
to the peak value of the amount of light emitted from the
peripheral portions of the effective light source by dividing the
beam incident upon said effective light source to two or more
beams, irradiating the two or more divided beams onto said
effective light source by using a movable mirror, and utilizing
the difference in scanning speed at respective points of the

surface of the effective light source dependent upon the surface
shape of said movable mirror. '
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45. The method of production of a semiconductor device as
set forth in claim 35 ; wherein the diameters of the individual

lens of the fly’s eye lens are larger at the center portion than
the peripheral portions.

46. The method of production of a semiconductor device as

set forth in claim 45, wherein, in the £ly‘’s eye lens, the
diameters of the individual lens at the center portion are made

1.1 to 3 times the diameters of the individual lenses at the
peripheral portions.

"47. The method of_productién of a semiconductor device as
set forth in claim 34, which, when a single exposure time is T,
passes the 1light through a first £filter with a higher
transmittance at the peripheral portions than the center portion
for a time of 0.05 x T to 0.95 x T and passes the light through
a second filter or not passes the light through any filters in
the remaining exposure time, thereby lowering the amount of light
.from the center portion of the effective light source relative
to the peak value of the amount of light emitted from the

peripheral portions of the effective light source in just a
single exposure time.
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What is claimed is: -
1. a method of pattern formation lowers the amount of light emitted

from the center portion of an effective light source relative to the peak value of the
amount of light emitted from the peripheral portions of the effective light source by
dividing the beam incident upon said effective light source to two. or more beams,*
irradiating the two or more divided beams onto said effective light source by using
a movable mirror, and utilizing the difference in scanning speed at respective points
of the surface of the effective light source dependent upon the surface shape of said
movable mirror. |

2. The method of pattern formation as set forth in claim 1, which, when
a single exposure time is T, passes the light through a first filter with a with a
higher transmittance at the peripheral portions than the center portion for a time of
0.05 x T t0 0.95 x T and passes the light through a second filter or not passes the
light through any filters in the remaining exposure time, thereby lowering the
amount of light from the center portion of the effective light source relative to the
peak value of the amount of light emitted from the peripheral portions of the
effective light source in just a single exposure time. '

3. . An apparatus for pattérn formation wherein the light intensity
distribution correcting means further has means for dividing the beam incident upon-
said effective light source to two or more beams, a movable mirror for irradiating
the two or more divided beams onto said effective light source, and scan means for
lowering the amount of light emitted from the center portion of said effective light
source relative to the peak value of the amount of light emitted from the peripheral
portions of the effective light source by using the difference in scanning speed at
respective points of the surface of the effective light source dependent upon the
surface shape of said movable mirror.

4. The apparatus for pattern formation as set forth in claim 3, wherein
the light intensity distribution correcting means also has a first filter with a higher
transmittance at the peripheral portions than the center portion and a switching
means for switching between a state passing light through the first filter for a single
exposure time and a state performing exposure without passing through the first
filter.
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5. The apparatus for pattern formation as set forth in claim 4, which
further has second filter with a distribution of transmittance different from the first
filter and causes the light to pass through the second filter in the state perfonhing
exposure without passing through the first filter.

6. The apparatus for pattern formation as set forth in claim 4 or 5,
wherein the switching means has a rotary disk on which at least the first filter is
mounted and a drive means for driving the rotation of the rotary disk.

7. The appal_'éms for pattern formation as set forth in claim 4 or 5,
wherein the switching means has at slide mechanism enabling at least the first filter
to move slidably.

8. The apparatus for pattern formation as set forth in claim 4 and 5,
wherein the switching means has an optical shutter type optical material whose
transmittance of light changes according to the voltage applied.

9. A method of production of a semiconductor device lowers the
amount light emitted from the center portion of said effective light source relative
to the peak value of the amount of light emitted from the peripheral portions of the
effective light source by dividing the beam incident upon said effective light source
to two or more beams, irradiating the two or more divided beams onto said effective
light source by using a movable mirror, and utilising the difference in scanning
speed at respective points of the surface of the effective light source dependent upon
the surface shape of said movable mirror.

10. The method of production of a semiconductor device as set forth in
claim 9, wherein, in the fly’s eye lens, the diameter of the individual lens at the
center portion are made 1.1 to 3 times the diameters of the individual lenses at the
peripheral portions. -

11.  The method of pmhucﬁon of a semiconductor device as set forth in
claim 9, which, when a single exposure time is T, passes the light through a first
filter with a higher transmittance at the peripheral portions than the center portion
for a time of 0.05 x T t0 0.95 x T and passes the light through a second filter or not
' paSse"s the light through any filters in the remaining exposure time, thereby lowering
the amount of light from the center portion of the effective light source relative to
the peak value of the amount of light emitted from the peripheral portions of the
effective source in just a single exposure time.
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